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Figure 2 . Mouse Plasma and Brain Levels of S - ( 1 ) after single IV dose . 
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Figure 3 . Summary of U251 Orthotopic Intracranial Xenograft Study Data 
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TAXANE ANALOGS FOR THE TREATMENT the central nervous system have been influenced by two 
OF BRAIN CANCER major factors : 1 ) the drugs given at high systemic levels are 

generally cytotoxic ; and 2 ) the blood - brain barrier ( BBB ) 
CROSS - REFERENCE TO RELATED provides an anatomic obstruction , limiting access of drugs to 

APPLICATIONS these tumors . Accordingly , it is well known that brain 
cancers are particularly difficult to treat . The common forms 

The present application is a continuation of U . S . patent of cancer in the brain are glioblastoma multiforme ( GBM ) 
application Ser . No . 14 / 851 , 255 , filed Sep . 11 , 2015 , which and anaplastic astrocytoma ( AA ) . The mean survival for 
is a continuation of U . S . patent application Ser . No . 13 / 785 , patients with GBM is approximately 10 to 12 months , while 
753 , filed Mar . 5 , 2013 , now issued as U . S . Pat . No . 10 the median survival for patients with AA is 3 to 4 years . For 
9 , 132 , 118 , which is a division of U . S . patent application Ser . patients with GBM , surgery will prolong their lives only a 
No . 12 / 859 , 990 , filed Aug . 20 , 2010 , now issued as U . S . Pat . few months . Most cases where treatment of GBM is by 
No . 8 , 409 , 574 , which is a continuation of U . S . patent surgery and local irradiation result in relapse within 2 to 4 
application Ser . No . 12 / 529 , 122 , filed Feb . 28 , 2008 , now cm of the original tumor margins . 
abandoned , which is a U . S . national stage entry of Interna - 15 One current approach to administering a drug that does 
tional Application No . PCT / US2008 / 055367 , filed Feb . 28 , not cross the BBB into the brain is by craniotomy , a process 
2008 , which claims the benefit of U . S . Provisional Appli - by which a hole is drilled in the head and the drug admin 
cation No . 60 / 894 , 169 , filed Mar . 9 , 2007 and also claims the istered by either intracerebroventricular ( ICV ) or intracere 
benefit of U . S . Provisional Application No . 60 / 892 , 235 , filed bral ( IC ) injection . With ICV administration , the drug dis 
Feb . 28 , 2007 , all of which are hereby incorporated by 20 tributes only as far as the ependymal surface of the 
reference in their entireties . ipsilateral ventricle and does not penetrate significantly into 

There is disclosed the treatment of brain cancer employ - the brain parenchyma . Therefore , the IVC and IC adminis 
ing a taxane derivative , pharmaceutical compositions suit - tration methods reach less than 1 % of the brain volume , and 
able for use in that treatment and a new compound of use in there are few diseases of the brain that can be treated by such 
that treatment and to the method of its preparation . 25 limited penetration . 

In contrast , a transvascular route of drug delivery could 
BACKGROUND TO THE INVENTION treat virtually 100 % of the neurons of the brain . Because 

every neuron is perfused by its own blood vessel , a drug 
Tubulin is the protein that polymerizes into long chains or administered tranvascularly can reach every neuron of the 

filaments that form microtubules , hollow fibers that serve as 30 brain after crossing the BBB . However , because there is no 
a skeletal system for living cells . drug - targeting system that will allow drugs to cross the 
Microtubules have the ability to shift through various BBB , the transvascular route of administration is unavail 

formations which is what enables a cell to undergo mitosis able to the vast majority of drug candidates . 
or to regulate intracellular transport . The formation - shifting Taxanes are described in the literature including EP 1 228 
of microtubules is made possible by the flexibility of tubulin 35 759 ; EP 1 285 920 ; EP 1 148 055 ; WO 01 / 56564 ; WO 
which is why scientists have sought to understand the 01 / 57027 ; WO 94 / 10996 ; FR 2 715 846 ; U . S . Pat . No . 
protein ' s atomic structure since its discovery in the 1950s . 5 , 352 , 806 ; FR 2 707 293 ; WO 94 / 08984 ; WO 92 / 09589 ; 
Certain anticancer drugs bind to tubulin and cause the WO 94 / 20485 ; WO 93 / 21 173 ; Klein L L , “ Synthesis of 
protein to lose its flexibility , preventing the cell from divid - 9 - Dihydrotaxol : a novel bioactive taxane " , Tetrahedron let 

40 ters , vol . 34 , no . 13 , 1993 , pages 2047 - 2050 ; Datta A et al , 
Regulatory approved tubulin binding agents include the “ Synthesis of novel C - 9 and C - 10 modified bioactive tax 

taxane s ( including paclitaxel and docetaxel ) and the vinca anes " , Tetrahedron letters , vol . 36 , no . 12 , 1995 , pages 
alkaloids ( comprised of three agents , vincristine , vinblastine 1985 - 1988 ; Klein L L et al , Journal of Medicinal Chemistry , 
and vinorelbine ) . Typically these agents are administered no . 38 , 1995 , pages 1482 - 1492 ; J . Demattei et al , “ An 
intraveneously and are dosed every one to three weeks due 45 efficient synthesis of the taxane - derived anticancer agent 
to the adverse reactions suffered by patients , including abt - 271 ” , Journal of Organic Chemistry , vol . 66 , no . 10 , 
neurotoxicity , neutropenia , hypersensitivity , and other harm 2001 , pages 3330 - 3337 ; Gunda I Georg et al , “ The chemistry 
ful side effects . Thus , there is a continuing need for a dosing of the taxane diterpene : stereoselective reductions of tax 
regimen that allows tubulin binding agents to be adminis - anes ” , Journal of Organic Chemistry , vol . 63 , no . 24 , 1998 , 
tered for longer periods of time to maximize their anticancer 50 pages 8926 - 8934 . 
effect . Paclitaxel and docetaxel have been shown to have International Patent Application WO 2005 / 030150 also 
widespread clinical utility in treating tumors ; however the discloses a series of taxane analogues useful for the treat 
clinical decrease in effect over time has limited the useful - ment of cancer as well as methods of producing them . As 
ness of the drug class . A new taxane - like drug with the used herein , the terms “ taxane , ” “ taxanes , ” “ taxane deriva 
capability to overcome the resistance of the tumors may 55 tives ” or “ taxane analogs " and the like , include the diter 
have utility in the clinic . penes produced by the plants of the genus Taxus ( yews ) , and 

Clinically used taxanes such as paclitaxel and docetaxel may be derived from natural sources , may be prepared 
have not been approved for the treatment of brain cancer . synthetically or may be obtained from semi - synthetic meth 
The agents do not penetrate the blood brain barrier and ods or a combination thereof . Such taxanes include pacli 
remain in the brain sufficiently for them to be effective . This 60 taxel and docetaxel that have a 6 - membered A ring , as well 
is also the case with many other anti - cancer medicaments so as the abeo - taxanes that have a 5 - membered A ring , as 
that brain tumors have proved particularly refractory to known in the art and as disclosed herein . The acid catalyzed 
chemotherapy . The lack of residency in the brain , for rearrangement from the 6 membered A ring ( and 8 mem 
example of paclitaxel , may result from efflux related to the bered B ring ) to the 5 membered A ring ( and 7 membered B 
P - gp pump . 65 ring ) of the abeo taxane has been described for other taxane 

The design and development of effective anti - tumor compounds , for example , in L . O . Zamir et al , Tetrahedron 
agents for treatment of patients with malignant neoplasms of Letters , 40 ( 1999 ) 7917 - 7920 , L . O . Zamir et al , Tetrahe 

ing . 
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dron , Vol . 53 , No . 47 , 15991 - 16008 ( 1997 ) , L . O . Zamir et is neuroblastoma . Brain disease further refers to cancers 
al , Vol . 37 , No . 36 , 6435 - 6438 ( 1996 ) , A . Wahl et al , which have metastasized to the brain , i . e . cancers where the 
Tetrahedron , Vol . 48 , No . 34 , 6965 - 6974 ( 1992 ) , G . Appen primary location is outside the brain e . g . the breast , prostate , 
dino et al , J . Chem . Soc , Chem . Commun . 1587 - 1589 pancreas , bowel or the like but where a secondary tumor has 
( 1993 ) , and G . Samaranayake et al , J . Org . Chem . 1991 , 56 , 5 developed in the brain . Such metastases are also particularly 5114 - 5119 . The nomenclature used in these publications to 
name the rearranged 5 membered A ring structures has been significant in relation to this invention . In one aspect , the 
11 ( 151 ) abeo - taxanes . International Patent Application compound is a taxane derivative which is not a substrate for 
WO 2005 / 030150 discloses a series of taxane analogues MDR protein . Existing marketed taxanes such as paclitaxel 
useful for the treatment of cancer as well as methods of 10 and docetaxel can be a substrate for MDR ( MDR1 gene 
producing them , but no mention is made that these com - encodes for P - gp which pumps drugs such as paclitaxel and 
pounds are suitable for use in the treatment of cancers of the docetaxel from cells ) . Hence such existing marketed taxanes brain . 

Several unique characteristics of both the brain and its cannot be used in this invention . Certain compounds have 
particular types of neoplastic cells create daunting chal - 15 been found not to be substrates for MDR protein . This may 
lenges for the complete treatment and management of brain be associated with their effectiveness in the brain . 
tumors . Among these are the physical characteristics of the Accordingly the present invention provides a method of 
intracranial space ; the relative biological isolation of the treating brain cancer comprising administering to a patient 
brain from the rest of the body ; the relatively essential and in need thereof a compound of the formula ( 1 ) : irreplaceable nature of the organ mass ; and the unique nature 20 
of brain tumor cells . The intracranial space and physical 
layout of the brain create significant obstacles to treatment ( 1 ) and recovery . The brain is primarily comprised of astrocytes , 
which make up the majority of the brain mass , and serve as 
a scaffold and support for the neurons ; neurons , which carry 25 
the actual electrical impulses of the nervous system , and a 
minor contingent of other cells , such as insulating oligoden 
drocytes that produce myelin . These cell types give rise to 
primary brain tumors , including astrocytomas , neuroblasto 
mas , glioblastomas , oligodendrogliomas and the like . 30 NH 

The brain is encased in the rigid shell of the skull , and is 
cushioned by the cerebrospinal fluid . Because of the rela XO 

EH tively small volume of the skull cavity , minor changes in the 
volume of tissue in the brain can dramatically increase 

?? intracranial pressure , causing damage to the entire organ . 35 
Thus , even small tumors can have a profound and adverse 
affect on the brain ' s function . The cramped physical location The compound may be administered as a mixture of 
of the cranium also makes surgery and treatment of the brain also makes surgery and treatment of the brain diastereoisomers or as a single diastereoisomer . a difficult and delicate procedure . However , because of the 
dangers of increased intracranial pressure from the tumor , 40 A particularly single isomer for use is the compound of 
surgery is often the first strategy of attack in treating brain the formula S - ( 1 ) : 
tumors . 

Act 
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DESCRIPTION OF THE INVENTION S - ( 1 ) 
45 

It has now been found that certain taxanes are able to enter 
the brain and reside there for sufficiently long to show 
potential effectiveness . In addition , it has been found that 
certain compounds are of use in the treatment of cancers 
including certain difficult cancers such as brain cancers . 50 
Without being bound by any theory proposed herein , it is 
believed that these compounds will be those that stabilize 
tubulin dimers or microtubules at the G2 - M interface during 
mitosis but which are not substrates for MDR protein . 

The brain cancer treated may be that of primary origin or 55 OCOPh OAc 
may be a metastasis of a systemic cancer ( e . g . breast cancer , OH 
small cell lung cancer , lymphoma and germ cell cancers ) . 
The term “ brain cancer ” or “ brain tumor ” refers to any tumor The compound of formula S - ( 1 ) has improved activity in 
that grows in the brain , including , but not limited to , 60 comparison to its diastereoisomers . The single diastereoiso 
astrocytoma , craniopharyngioma , glioma , ependymoma , mer of the compound of formula S - ( 1 ) may also be 
neuroglioma , oligodendroglioma , glioblastoma multiforme , employed . This compound has improved solubility in com 
meningioma , medulloblastoma and other primitive neuroec parison with its diastereoisomer . If used as a single isomer , 
toderma . A particularly significant brain cancer or tumor in as the compound is favorably 95 % and preferably 99 % opti 
relation to this invention is glioma . A further particularly cally pure and desirably essentially free of any other iso 
significant brain cancer or tumor in relation to this invention mers , including R - ( 1 ) . 

ONLINE 
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A further single isomer for use is the compound of the 
formula R - ( 1 ) : Scheme 1 

HO 
?? 

R - ( 1 ) 5 
protection 

HOW HOTLI13 
? 

10 Aco OMITI ?? ??z ( Ac 

Cbzo ?? ? Cbzo OCbz TITUT 
50 10 9 0 15 

5 H coupling 
NHBoc ????h OAc HOM13 

?? 
CO2H 

OBn 

Cbzo 
OCbz 

NHBoc o 10 9 

IIIIII deprotection 
OM 13 

This compound also has improved solubility in compari - 20 
son with its diastereoisomers . 

Ifused as a single isomer , the compound is favorably 95 % 
and preferably 99 % optically pure and desirably essentially 
free of any other isomer . The present invention also encom - 25 
passes the compound of formula R - ( 1 ) as a single diaste 
reoisomer having a diasteromeric excess of at least 95 % and 
at least 99 % . 
Processes 
Methods for the preparation of the compound of formula 

( 1 ) are described in International Patent Applications WO 
2005 / 030150 and WO 2007 / 126893 , and although the struc 
ture as provided above was not provided , these processes 
may lead to its preparation . 

30 
OBn 

?? 
OH 

BocHN 10 O 35 9 TES 
protection 

Oun 13 Definitions 
OH 

CSA : HO 
OTES DCC : 

BocHN 
10 - DAB III : IIIII oxidation Y DCM : 
DMAP : 
DMF : 

OTES 
DMSO : 

HCl : 

Camphorsulfonic Acid 
N , N ' - Dicyclohexyl - Carbodiimide 
10 - Deacetylbaccatin III 
Dichloromethane 
Dimethylaminopyridine 
N , N - Dimethylformamid 
Dimethylsulfoxide 
Gaseous or aqueous hydrochloric acid 
Hour 
High Performance Liquid Chromatography 
Isopropyl Acetate 
Liquid Chromatography Mass Spectrometry 
Methyl t - Butyl Ether 
4 - Pyrrolidinopyridine 
Triethylamine 
Triethylsilyl Chloride 
Tetrahydrofur an 
Tetrapropyl Ammonium Perruthenate 

50 
OTES 

BocHN 10 

Hr : 

HPLC : 
IPAC : 
LCMS : 
MTBE : 
4 - PP : 

9 

IIIIII reduction 
NaBH4 OM 13 

55 
TEA : OTES 
TES - C1 : 

THF : 
TPAP : OTES 

60 BocHN 
IIIII acetylation 

OTES 

A method for synthesizing the compound of formula ( 3 ) 
is shown below with reference to Scheme 1 . 10 - Deacetyl 
baccatin III ( 10 - DAB III ) , which has formula ( 4 ) as shown 
in Scheme 1 , is a commercially available ( Sigma - Aldrich ) 65 
compound used as an intermediate in the preparation of 
various taxanes . 

11 
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- continued three times . The reaction mixture was stirred vigorously 
under a hydrogen balloon for 21 hours . At this time the 
reaction was sampled and HPLC indicated that 38 % by area 
of starting material still remained . Water ( 10 mL ) was added 

5 and stirring continued . Twenty hours later , HPLC indicated 
the same amount of starting material still remaining . The 
reaction mixture was filtered through celite and washed with 
THF . It was then concentrated to remove excess THF ; fresh 
catalyst ( 101 g ) was added and the reaction mixture was 

10 placed back under hydrogen as before . After another 24 

H0 hours , an intermediate compound was still present and still 
??z ÓBZ more catalyst ( 20 g ) was added . After another hour , HPLC 

indicated that the reaction was complete . The reaction 
mixture was filtered through celite and washed through with 

15 IPAc . The combined filtrate was washed with NH4Cl solu 
In this process , 10 - DAB III , formula ( 4 ) , is first protected tion ( 500 mL ) , water ( 500 mL ) , 5 % NaHCO3 ( 500 mL ) , H2O 

at both the C - 7 and C - 10 positions to form the C1 , C10 ( 300 mL ) , and brine ( 300 mL ) . The organic layer was dried , 
di - CBZ derivative of formula ( 5 ) . 10 - Deacetylbaccatin III of filtered , and concentrated to give a foam of the compound of 
formula ( 4 ) ( 50 g , 91 mmol ) was dissolved in THF ( 2 L , 40 formula 38 ( 42 . 5 g ) . The compound of formula ( 8 ) was then 
ml / g ) by warming to 40° C . in a warm - water bath . The 20 converted to the compound of formula ( 9 ) . Formula ( 8 ) 
solution was cooled to - 41° C . in a Neslab chiller and ( 41 . 4 g , 52 . 5 mmol ) was dissolved in DCM ( 500 mL ) at 
benzylchloroformate ( 46 mL , 3 . 2 eq , 294 mmol ) was added room temperature . In the case that the impurity was water , 
to the stirred chilled solution followed by further cooling to Na2SO4 was added to the solution , and the solution was 
- 44° C . To this solution 2 . 3M hexyl lithium solution ( 130 filtered through filter paper into to a 2 L flask . The solids 
mL , 3 . 3 eq , 303 mmol ) was added gradually over 45 min 25 were collected and washed with DCM ( 250 mL ) and the 
while maintaining the temperature of the reaction mixture at washings transferred into the flask . The flask was covered 
< - 39° C . Stirring was continued in the Neslab for 45 with a septum and N , balloon . TEA ( 35 mL ) followed by 
minutes at which time HPLC indicated the reaction had gone DMAP ( 1 . 28 g ) and TES - C1 ( - 30 mL , 3 . 5 eq ) were added to 
to completion . At two hours total reaction time , the reaction the solution and stirred . Additional TES - C1 ( 15 mL ) and 
was quenched by the addition of IN HCl ( 400 mL ) and IPAC 30 TEA ( 20 mL ) were added , and after 6 hours HPLC indicated 
( 1 L ) and removal from the Neslab chiller . The reaction was the reaction had gone to completion . 
allowed to stir while warming to 10° C . The layers were The reaction was then quenched by the addition of ethanol 
separated and the IPAc layer was washed sequentially with ( 25 mL ) . The layers were separated and the organic layer 
H , O ( 500 mL ) , saturated NaHCO , ( 200 mL ) and H , O was washed with saturated NH C1 ( - 500 mL ) . The organic 
( 4x500 mL ) and then filtered through a silica gel pad . The 35 layer was dried over Na SO . , and concentrated . A flash 
filtrate was concentrated until solids started to form . IPAC column was packed with silica gel and wet with 8 : 2 heptane ! 
( 850 mL ) was added and the mixture was heated to 60° C . IPAC ( 1 . 5 L ) . The solids were dissolved in 8 : 2 heptane / IPAC 
to dissolve some of the solids . To the warm solution , ( 250 mL ) and filtered to remove solids that would not 
heptanes ( 800 mL ) were added and the solution was cooled dissolve . This solution was concentrated to - 100 mL and 
in the refrigerator and filtered . The solids collected by the 40 applied to the column . The column was eluted with 8 : 2 
filtration were washed with heptanes and dried under heptane / IPAc and fractions collected . Fractions with product 
vacuum at 45° C . to give formula ( 5 ) . were pooled and concentrated to give foam of formula ( 9 ) 
Next , the compound of formula ( 5 ) was coupled with a ( 24 . 5 g ) . 

side chain to form the compound of formula ( 7 ) . Here , the The compound of formula ( 9 ) was then oxidized to form 
side chain of the compound of formula ( 6 ) , ( 38 g , 99 . 6 45 the compound of formula ( 10 ) . Here , solid Na SO , was 
mmol ) was dissolved in toluene to a known concentration added to a solution of formula ( 9 ) ( 24 . 5 g , 24 . 0 mmol ) and 
( 0 . 0952 g / mL ) . This solution was added to the compound of 4 - methyl morpholine N - oxide ( 10 . 1 g , 84 mmol ) in DCM 
formula ( 5 ) ( 54 . 0 g , 66 . 4 mmol ) . The solution was heated in ( 340 mL ) to assure that the reaction was dry . The mixture 
a warm - water bath and DMAP ( 8 . 13 g , 66 . 4 mmol ) and was stirred for 1 hour and then filtered through 24 cm fluted 
DCC ( 25 . 3 g , 120 mmol ) in toluene ( 540 mL ) were added to 50 filter paper into a 2 L 3 - neck round bottom flask . The 
the warm reaction mixture . While maintaining the tempera - Na , SO solids were washed with DCM ( 100 mL ) and the 
ture at about 51° C . , the reaction was continually stirred and washings transferred into the flask . Molecular sieves ( 6 . 1 g , 
sampled periodically for HPLC . After 3 hours , additional 0 . 15 g / g ) were added to the solution and stirring was begun . 
DCC ( 13 . 0 g ) in toluene ( 140 mL ) was added . The following TPAP ( 1 . 38 g ) was added and the reaction was allowed to 
morning ( 25 . 25 hr ) , MTBE ( 450 mL ) was added and the 55 stir under a N , blanket . Samples were taken periodically for 
reaction mixture was filtered through a pad of silica gel , HPLC . Additional TPAP ( 0 . 62 g ) was added after 2 hours 
washed with MTBE followed by ethyl acetate , and concen and again ( 0 . 8 g ) after 15 hours . The reaction mixture was 
trated to give the compound of formula ( 7 ) as 61 . 8 g of an applied to a pad of silica gel ( 86 g ) , wet with 8 : 2 heptanel 
oil . IPAc and eluted with IPAc . The fractions were collected , 

The compound of formula ( 7 ) was then deprotected at 60 pooled and concentrated to an oil . 4 - Methyl morpholine 
both the C7 and C10 positions to give the compound of N - oxide ( 5 . 0 g ) and DCM ( 100 mL ) were added and stirred . 
formula ( 8 ) . A solution of THF ( 300 mL ) and HC1 ( 22 mL ) Na , SO . ( 13 g ) was added to the mixture and it was filtered 
was added to a solution of the compound of formula ( 7 ) through filter paper . The Na , SO , solids remaining in the 
( 61 . 8 g , 52 . 5 mmol ) in THF ( 15 mL / g , 920 mL ) . The filter was washed with DCM ( 45 mL ) . Molecular sieves ( 5 
resulting solution was flushed with nitrogen . A catalyst ( 10 % 65 g ) and TPAP ( 1 . 03 g ) were added to the solution and after 45 
Pd / C with 50 % water , 99 . 1 g ) was added and the flask was minutes , more TPAP ( 1 . 05 g ) was added . A pad of silica gel 
flushed with nitrogen three times and then with hydrogen was prepared and wet with 80 : 20 Heptane / IP Ac . The 
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reaction mixture was applied to the pad and eluted with separatory funnel with 55 mL 5 % NaHCO3 solution . The 
IPAc . Fractions were collected and those fractions contain layers were separated and the aqueous layer was washed 
ing product were pooled and concentrated to give an oil with DCM ( 25 mL ) . The two organic layers were combined , 
product of formula ( 10 ) ( 21 . 8 g ) . washed with brine , dried over Na2SO4 and concentrated . A 
Next , the compound of formula ( 10 ) was reduced to form 5 flash chromatography column was packed with silica gel 

the compound of formula ( 11 ) . NaBH4 ( 365 mg , 6 eq ) was ( 230 - 4 - 00 mesh ) and wet with 50 : 50 MTBE / heptane ( 1000 
added to a stirred solution of formula ( 10 ) ( 1 . 6 g ) in ethanol mL ) . The reaction mixture was dissolved in MTBE ( 10 mL ) , 
( 19 niL ) and methanol ( 6 . 5 mL ) cooled in an ice - water bath . loaded on the column and eluted with 50 : 50 MTBE / heptane . After 1 hour , the reaction mixture was removed from the The fractions were collected , pooled , concentrated and dried ice - water bath and at 2 hours , the reaction was sampled for 10 in a vacuum oven at 50° C . to give product of formula ( 3 ) . HPLC , which indicated the reaction had gone to completion . 
The reaction mixture was cooled in an ice - water bath and a 
solution of NH OAc in methanol ( 15 mL ) was added Scheme - la followed by the addition of IPAC ( 50 mL ) and H , O ( 20 mL ) . 
It was mixed and separated . The organic layer was washed 15 ACOOH 
with water ( 20 mL ) and brine ( 10 mL ) , a second time with 
water ( 15 mL ) and brine ( 10 mL ) , and then twice with water - T OTES 
( 2x15 mL ) . It was dried over Na2SO4 and placed in the Deprotection 

freezer overnight . The following morning a sample was 
taken for HPLC and the reaction was dried and the organic 20 
layer was concentrated on the rotary evaporator . It was HO ' 
placed in the vacuum oven to give a foam product of formula BzO A 

( 11 ) ( 1 . 45 g ) . 
The compound of formula ( 11 ) was then acylated to form Aco OH 

the compound of formula ( 12 ) . TEA ( 5 . 8 mL , 41 . 5 mmol ) , 25 
Ac20 ( 2 . 62 mL , 27 . 7 mmol ) and DMAP ( 724 mg , 5 . 5 mmol ) Boc - NH OH Acetal 
were added to a solution of formula ( 11 ) ( 14 . 1 g , 13 . 8 mmol ) Formation 
in DCM ( 50 mL ) . The reaction was stirred and sampled for 
HPLC periodically . After 18 . 5 hours , additional TEA ( 1 . 5 
mL ) and Ac 0 ( 1 mL ) were added . At 19 hours , HPLC 30 HO 
indicated the reaction had gone to completion . The reaction Bzo Acô 
mixture was diluted with IPAC ( 300 mL ) and poured into 5 % 
NaHCO3 ( 100 ml ) . It was then stirred , separated , and the 
organic layer was washed with water ( 100 mL ) , saturated 
NH4Cl ( 2x100 mL ) , water ( 3x50 mL ) and brine ( 50 mL ) and 35 
then filtered through Na , SO2 . The mixture was concentrated 
to give a foam product of formula ( 12 ) ( 14 . 6 g ) . 
Next , the compound of formula ( 12 ) was converted to the 

compound of formula ( 13 ) . A quantity of formula ( 12 ) ( 3 . 0 
g , 2 . 83 mmol ) was weighed into a 100 mL flask . Next , DCM 40 
( 24 mL ) followed by methanol ( 6 mL ) were added to the ?? flask at room temperature . Stirring of the mixture began 
under N , and camphorsulfonic acid ( CSA ) ( 0 . 0394 g , 0 . 17 Bz? Acô 
mmol ) was added . After 4 hours LCMS indicated the 3? 

product had formed . 5 % NaHCO , ( 15 mL ) was added to the 45 
reaction mixture ; it was shaken vigorously and then trans 
ferred to a separatory funnel . The reaction flask was rinsed To a solution of the compound of formula ( 12 ) ( 0 . 500 g , 
into the separatory funnel with 5 % NaHCO3 ( 25 mL ) and , 0 . 472 mmol ) in methanol , at - 19° C . was added 0 . 2N HCI 
thereafter , the reaction mixture was shaken and the lavers ( 1 . 2 equiv , 2 . 83 mL ) slowly and stirred . The reaction was 
were separated . The organic laver was washed with brine , 50 quenched by the addition of 5 % sodium bicarbonate solu 
dried over Na , SO . , and concentrated . MTBE ( 3x25 mL ) tion , after stirring the reaction for about 1 hr . The mixture 
was added and the reaction mixture was concentrated to was diluted with ethyl acetate and partitioned . The organic 
dryness after each addition to finally give 3 . 71 g foam . The layer was washed with water , dried ( Na , SO2 ) and roto 
foam was dissolved in MTBE ( 10 mL ) and stirred . Heptane stripped to provide crude compound of formula ( 13a ) . The 
( 50 mL ) was slowly added to the reaction solution and solids 55 crude product was purified by normal phase flash chroma 
began to form immediately . The solids were vacuum filtered tography eluting with 15 % ethyl acetate in heptane followed 
and rinsed with heptane ( 720 mL ) . The solids were collected by neat ethyl acetate to provide clean product compound of 
and dried in a vacuum oven at 40° C . to give the compound formula ( 13a ) ( 0 . 235 g ) . 
of formula ( 13 ) ( 2 . 18 g ) . To a solution of compound of formula ( 13a ) ( 0 . 41 g ) in 

The compound of formula ( 13 ) was then converted to the 60 DMF ( N , N - dimethylformamide ) was added acroleindim 
compound of formula ( 3 ) . A solution of formula ( 13 ) ( 2 . 1 g , ethyl acetal ( 3 , 3 - dimethoxy - 1 - propene , 2 mL ) followed by 
2 . 52 mmol ) in DCM ( 10 . 5 mL ) was stirred at room tem - camphorsulfonic acid ( 0 . 1 g ) . The reaction mixture was 
perature . Next , 3 , 3 - dimethoxy - 1 - propene ( 2 . 03 g , 17 . 7 heated at ~ 50° C . and monitored periodically by LC - MS 
mmol ) followed by CSA ( 0 . 035 g , 0 . 15 mmol ) were added analysis for progress of the reaction . The reaction was 
to the solution . After the solution was stirred for 3 . 5 hours , 65 judged complete at about 3 hours and quenched by addition 
LCMS indicated the reaction had gone to completion . The of 5 % sodium bicarbonate solution . The reaction mixture 
reaction was diluted with DCM ( 25 mL ) and added to a was diluted with IPAc ( isopropyl acetate , 20 mL ) and water 

Aco 

Boc - NH 
UIIIIIII 

L 
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OTES F1 

PhOCHN 0 
acetylation 

Ph * Um 13 

OTBDMS 

( 20 mL ) . The mixture was shaken well and the organic layer 
partitioned . The aqueous layer was re - extracted twice with 
IPAc . The combined IPAc layers were washed with water 
and rotostripped to provide the crude product formula ( 3a ) 
as a foam . A Kromasil column ( 100 A , 50 cmx2 . 1 cm 5 
column ) was conditioned with 65 : 35 n - heptane : waMTBE 
( 1 % water and 1 % acetic acid in methyl - t - butyl ether ) . The 
crude compound of formula ( 3 a ) was loaded as a solution 
in toluene onto the Kromasil column and eluted with 65 : 35 
n - heptane : waMTBE . The pure fractions containing the 10 
product were pooled , neutralized with ~ 50 mL of 5 % sodium 
bicarbonate solution . The organic layer was partitioned and 
evaporated under reduced pressure and dried overnight in 
the vacuum oven at 40° C . to provide the pure compound of 
formula ( 3a ) as a white solid ( - 57 mg ) . The product was 15 
characterized by HPLC / LC - MS and high field multidimen 
sional NMR spectroscopy . 
An alternative method for synthesizing the compound of 

formula ( 3 ) is shown below with reference to Schemes 2 to 

19 
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- continued The 7 - hydroxyl is further protected with a protecting 
group such as triethylsilyl ( TES ) . To a 500 mL RBF 

OTES equipped with a magnetic stir bar was charged 39 . 3 g ( 42 . 5 
Ph CNH 0 mmol ) compound 16 and 15 . 6 g ( 127 mmol , 3 eq . ) 4 , 4 

dimethylaminopyridine ( DMAP ) . The flask was placed reduction 
under nitrogen and 390 mL ( 10 mL / g ) anhydrous dichlo YOU romethane ( DCM ) was charged to the flask to dissolve the 

OTBDMS solids followed by 14 mL ( 84 . 9 mmol , 2 eq . ) TES - Cl . The 
reaction was stirred at room temperature for three hours . The OH OBZ OAC 10 reaction was worked up by evaporating the reaction solution 
to approximately half its starting volume and diluting it in 
300 mL EtoAc and washing with water and dilute HC1 

OTES solutions until the pH of the aqueous wash was approxi 
Ph CNH 0 mately 1 , then washing with brine . The organic partition was acetylation 15 dried over magnesium sulfate and evaporated to yield 42 . 0 

g ( 97 . 7 area percent ) of white solid of formula 17 . 
Next , oxidation of the 10 - hydroxyl yields a 9 , 10 - diketo 

OTBDMS compound . To a 1 L RBF equipped with a magnetic stir bar 
OH OBZ ÖAC was charged 41 . 0 g ( 39 . 4 mmol ) of the compound of formula 

20 17 , 2 . 1 g ( 5 . 92 mmol , 0 . 15 eq . ) of tetrapropyl ammonium 
perruthenate ( TPAP ) , 13 . 9 g ( 118 mmol , 3 eq . ) N - methyl 

AcO morpholine - N - oxide ( NMO ) . The flask was placed under OTES 
Ph CNH 0 nitrogen and 720 mL ( - 20 mL / g ) anhydrous DCM charged 

to the flask to dissolve the solids . The reaction was stirred at 
25 room temperature for 22 hours . The reaction was worked up 

by concentrating the reaction solution to half its volume and 
OTBDMS then drying the reaction contents onto 175 g silica gel ( EM 

Sciences 40 - 63? ) . The product containing silica was placed 
OH OBZ OAC on 30 g of clean silica gel ( EM Sciences 40 - 63u ) and the 

20 30 product eluted from the silica with 4 L methyl tert - butyl 
ether ( MTBE ) . The MTBE was evaporated to yield 37 . 3 g 
( 93 . 2 area percent ) 2 - O - TBDMS - 7 - O - TES - 9 , 10 - diketo As shown , paclitaxel of formula 14 is first protected at the compound of formula 18 . T - hydroxyl with a hydroxyl protecting group such as tort Selective reduction of the 9 , 10 - diketo compound yields butyldimethylsilyl ( TBDMS ) . To a 500 mL round bottom om 35 the 9 , 10 - a , a - hydroxy compound . To a 2 L RBF equipped flask ( RBF ) equipped with a magnetic stir bar was charged with a magnetic stir bar was charged 37 . 3 g ( 35 . 9 mmol ) 

50 . 0 g ( 58 . 6 mmol ) paclitaxel , formula 14 , 14 . 0 g ( 205 protected 9 . 10 - diketo compound of formula 18 and 900 mL 
mmol , 3 . 5 eq . ) imidazole , and 26 . 5 g ( 176 mmol , 3 . 0 eq . ) ( - 30 mL / g compound 18 ) of 3 : 1 EtOH / MeOH . The solution 
TBDMS - Cl . The flask was placed under a nitrogen envi - was stirred to dissolve the solids then the flask was placed 
ronment and 350 mL ( 7 mL / g paclitaxel ) anhydrous N , N - 40 in an ice / water bath and the solution was stirred for 30 
dimethyl formamide ( DMF ) was charged to the flask . The minutes . Then 8 . 1 g ( 216 mmol , 6 eq . ) of sodium borohy 
reaction was stirred at room temperature for twenty hours , dride ( NaBH ) was charged to the flask and the reaction 
then was worked up by diluting the reaction solution in 600 stirred in the ice / water bath for five hours . The reaction was 
mL isopropyl acetate ( IPAC ) and washing with water until worked up by diluting the reaction solution in 1 L IPAc and 
the aqueous wash reached pH 7 , then with brine . The organic 45 washing with 4x750 mL water , then with 200 mL brine . The 
partition was dried over magnesium sulfate , filtered and then organic partition was dried over magnesium sulfate . The 
was evaporated to a white foam solid to yield 66 . 9 g ( 93 . 0 aqueous washes were reextracted with 500 mL IPAc . The 
area percent ) of unpurified 2 - O - TBDMS protected com - organic re - extract solution was washed with 100 mL brine 
pound of formula 15 . Next , the 10 - acetyl group is removed then dried over magnesium sulfate and combined with the 
using methods known in the art , such as by hydrazinolysis . 50 first organic partition . The IPAC solution was concentrated 
To a 1 L RBF equipped with a magnetic stir bar was charged until solids began precipitating out then heptane was added 
59 . 5 g compound 15 and 600 mL ( 10 mL / g ) IPAc . The to the solution to crystallize the product of formula 19 . The 
solution was stirred to dissolve compound 15 , then 60 mL ( I crystallizing solution was placed in a freezer overnight . 
mL / g ) hydrazine hydrate was charged to the flask and the Three crystallizations were done on the material , the first 
reaction stirred at room temperature for one hour . The 55 yielded 4 . 1 g ( 95 . 3 area percent ) product , the second yielded 
reaction was worked up by diluting the reaction solution in 18 . 3 g ( 90 . 9 area percent ) product , and the third yielded 2 . 9 
1 . 2 L IPAC and washing first with water , then ammonium g ( 81 . 7 area percent ) product . The original work on this 
chloride solution , then again with water until the aqueous reaction employed flash chromatography to purify the prod 
wash was pH 7 and lastly with brine . The organic partition uct . However , the crystallizations that were performed gave 
was dried over magnesium sulfate , filtered and evaporated to 60 similar purity , by HPLC , to the chromatographed material 
55 . 8 g of solid . The solid was redissolved in 3 : 1 IPAc ( 1 % from earlier work . 
water ) : heptane to a concentration 0 . 25 g / mL total dissolved To a 25 mL RBF , equipped with a magnetic stir bar and 
solids ( TDS ) and purified on a YMC silica column ; the under a nitrogen environment , was charged 300 mg ( 0 . 288 
column eluent was monitored for UV absorbance . The mmol ) of the compound of formula 19 , ( 0 . 720 mmol , 2 . 5 
fractions were pooled based on HPLC analysis and evapo - 65 eq . ) acetyl chloride ( CH3COCI ) , 140 uL ( 1 . 01 mmol , 3 . 5 
rated to yield 39 . 3 g ( 98 . 6 area percent ) of the 2 - 0 - TBDMS eq . ) triethyl amine ( TEA ) , 13 mg ( 0 . 086 mmol , 0 . 3 eq . ) 
10 - deacetyl compound of formula 16 . 4 - PP , and 10 mL anhydrous DCM . The reactions were 
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stirred at room temperature for 15 + hours ; reactions gener 
ally ran overnight and were monitored by TLC and / or HPLC 
in the morning for consumption of starting material . The 
reactions were worked up by diluting the reaction solution in 
20 mL EtOAc and washing with water until the pH of the 5 
water washes was approximately 7 . The organic solution 
was then washed with brine and dried over sodium sulfate 
before evaporating to dryness . The resulting product is the 
compound of formula 20 . 
When the reagent used is a carboxyl anhydride , an exem 

plary procedure is as follows . To a 25 mL RBF , equipped 
with a magnetic stir bar and under a nitrogen environment , 
was charged 300 mg ( 0 . 288 mmol ) of the compound of 
formula 19 , ( 2 . 88 mmol , 10 eq . ) acid anhydride 15 
( CH3COOCOCHZ ) , 106 mg ( 0 . 864 mmol , 3 eq . ) DMAP and 
5 mL of anhydrous DCM . The reactions were stirred at room 
temperature for 15 + hours . The reactions were worked up by 
adding 5 mL saturated sodium bicarbonate solution to the 
reaction flask and stirring for 5 minutes . The solution was 20 
then transferred to a separatory funnel and organics were 
extracted with 20 nil EtOAc . The organic extract was then 
washed with saturated sodium bicarbonate and water until 
the pH of the water washes was approximately 7 . The 
organic partition was then washed with brine and dried over 20 
sodium sulfate before evaporating to dryness . 

The compound of formula 20 may be deprotected at the 
T - and 7 - positions in either a two - step process or a single 
step . For example , as shown in Scheme 3 , the 7 - O - TES 30 
group may be removed from formula 20 to give formula 21 
using acetonitrile ( ACN ) and aqueous HF . 
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To a 500 mL teflon bottle equipped with a magnetic stir 
bar is charged 2 . 50 g ( 2 . 40 mmol ) of the compound of 
formula 20 and 100 mL ACN . The bottle is placed in an 
ice / water bath and the solution stirred for 30 minutes . Next , 40 0 . 8 mL of 48 % HF aqueous is added slowly to the reaction 
solution and the reaction stirred in the ice / water bath for 20 
minutes . The reaction is monitored by TLC for disappear 
ance of the starting material . The reaction is worked up by 

45 diluting the reaction solution by adding 200 mL EtoAc and 
quenching the acid by adding 25 mL saturated sodium 
bicarbonate solution to the bottle and stirring for 10 minutes . 
The solution is then transferred to a separatory funnel and 
the organic partition washed with water until the pH of the 

50 water wash is approximately 7 , then washed with brine . The 
organic partition is dried over sodium sulfate and then 
evaporated to a solid of formula 21 . The 2 - O - protecting 
group may be removed from , formula 21 to give formula 22 
as shown in Scheme 3 . To a 50 mL Teflon bottle equipped 

55 with a magnetic stir bar was charged , 500 mg of the 
compound of formula 21 and 5 mL anhydrous THF . Next , 1 
mL HF - pyridine solution was slowly charged to the reaction 
solution . The reaction was stirred at room temperature for 1 
hour ; reaction progress was monitored by TLC and / or HPLC 

60 for disappearance of starting material . The reaction was 
worked up by adding 10 mL ETOAc to the bottle to dilute the 
reaction solution and then saturated sodium bicarbonate was 
slowly added to the bottle to neutralize the HF . The solution 
was transferred to a separatory funnel and the organic 

65 partition was washed with 10 wt % sodium bicarbonate 
solution then water until the pH of the water wash was 
approximately 7 . Then the organic partition was washed 

OTBDMS 

21 

ACO . OH OH 
PhOCHN ZIIIIII 
Ph LTL13 

ÕH 
22 
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with brine and then dried over sodium sulfate before evapo 
rating to a solid of Formula ( 22 ) . Further , as indicated above , 
the 2 ' - and 7 - positions of the compound of formula 20 may 
be deprotected in a one - step procedure using tetrabutylam 
moniumfluoride ( TBAF ) to directly produce formula 22 . A 5 
10 mL RBF equipped with a magnetic stir bar was charged 
with 100 mg of the compound of formula 20 and 5 mL 
EtOAc or THF to dissolve the taxane . Next , 100 uL of IM 
TBAF in THF was charged to the flask and the reaction was 
stirred at room temperature for 1 hour ; the reaction was 10 
monitored by TLC and / or HPLC for disappearance of start 
ing material . The reaction was worked up by washing the 
reaction solution with water and then brine . The organic 
partition was dried over sodium sulfate and evaporated to a 15 
solid of formula 22 . This method removes both the 2 - 0 
TBDMS protecting group and the 7 - O - TES protecting 
group . As shown for example in Scheme 4 , the compound of 
formula 22 may be protected as a 7 , 9 - acetal , such as a cyclic 
acetal such as with anisaldehyde dimethyl acetal to form a 20 
compound of formula 23 . 
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- continued eq . ) was charged to the reaction flask and the reaction stirred 
OCH3 at - 13° C . for two hours before raising the temperature to 0° 

C . The reaction was worked up after five hours fifteen 
minutes by diluting with EtoAc and washing with water and 

5 ammonium chloride solution . The organic partition was 
OMe evaporated to yield 650 mg of crude compound but HPLC 

Aco , HOOC indicated that there was only approximately 20 % product 
and mostly unreacted starting material ; therefore , the reac 
tion was restarted by repeating the above procedure and coupling 10 running the reaction for an additional six hours . The organic 
partition was evaporated to yield approximately 660 mg of 
crude product . The compound was purified on a spherical 
silica column to yield the compound of formula 24 . 

The compound of formula 24 was then coupled with 
OCH ; 15 formula 25 to provide the compound of formula 26 . To a 5 

mL RBF was charged 180 mg ( 0 . 255 mmol ) of the com 
pound of formula 24 and 105 mg ( 0 . 510 mmol , 2 . 0 eq . ) 
DCC . Toluene ( 2 mL ) was then added to dissolve the solids . 
Next , formula 28 ( 158 mg , 0 . 383 mmol , 1 . 5 eq . ) was 

Cbzo 20 dissolved in 1 . 0 mL DCM and the solution was charged to 
( i ) deprotection the reaction flask followed by 6 mg ( 0 , 038 mmol , 0 . 15 eq . ) 
( ii ) N - Boc 4 - PP . The reaction was stirred at room temperature for 23 

protection hours and then was quenched by adding 11 . 5 uL acetic acid 
and 4 uL water and stirring for one hour . MTBE was added 

25 to the reaction flask to precipitate DCU and the reaction 
solution was filtered to remove the precipitate . The filtrate 
was slurried with activated carbon then passed across a silica 
plug to remove the 4 - PP salts . The eluent was evaporated to 
a solid to yield 271 mg of crude coupled product of formula 

Boc?NH 30 26 . 
The 7 , 9 - acetal and N , O - acetal protecting groups may then acetal be removed and an N - acyl group added to form the com formation 

pounds of formula 27 and 28 , which may be separated from 
?? each other by liquid chromatography or kept together for the 

??z next step . While the same anisaldehyde group is used at both 
27 & 28 the 7 , 9 - acetal and N , O - acetal in the exemplary compound of 

formula 26 , such that both groups may be removed in a 
single step , it should be appreciated that other acetal pro 
tecting groups are contemplated such that multiple depro 

40 tection steps may be required . To a 10 mL RBF was charged , 
270 mg ( 0 . 245 mmol ) of the compound of formula 26 , 220 
mg ( 0 . 8 g / g coupled ester ) Degussa type palladium on 
carbon , and 4 . 1 mL THF . In a separate vial , 99 uL cone . HCI 
was diluted in 198 uL water and 1 . 0 mL THF . This solution 

45 was added to the reaction flask and the flask was sealed and 
placed under hydrogen . The hydrogenation reaction was 
stirred for 31 hours then was quenched by removing the 
hydrogen and filtering the catalyst from the reaction solution 
then adding 84 . 5 uL ( 0 . 368 mmol , 1 . 5 eq . ) t - butoxy carbonyl 

To a 50 mL RBF was charged 1 . 15 g ( 1 . 35 mmol ) of the 50 ( t - BOC ) anhydride followed by 684 uL TEA . The reaction 
stirred an additional 21 hours and then was worked up , compound of formula 22 and 25 mL anhydrous DCM , under diluting the filtrate with EtoAc and washing with water . The nitrogen . 343 uL ( 2 . 02 mmol , 1 . 5 eq . ) anisaldehyde dimethyl organic partition was evaporated to approximately 370 mg 

acetal was charged to the flask , followed by 51 mg ( 0 . 269 of oil . The oil was purified first by flash chromatography , 
mmol , 0 . 2 eq . ) p - toluenesulfonic acid ( PTSA ) . The reaction 55 A ) . The reaction 55 then preparative TLC ( PTLC ) then by a semi - prep reverse was stirred at room temperature for 45 minutes then was phase column to yield 3 . 9 mg of pure product of formula 27 worked up by extracting the product with EtoAc and and 28 . 
washing with saturated sodium bicarbonate solution fol - A7 , 9 - acetal may then be formed to provide the compound 
lowed by water . The organic partition was evaporated to of formula 3 . In a HPLC vial insert , 3 . 4 mg ( 4 . 13 umol ) of 
yield approximately 1 . 5 g of crude product . The crude 60 the compounds of formula 27 and 28 was charged followed 
product was purified by flash chromatography to yield 0 . 72 by 70 °L DCM . Next , 12 . 8 uL of a 1 to 20 diluted acrolein 
g of pure product of formula 23 . Next , the side chain was dimethyl acetal in DCM ( 0 . 64 ul acetal , 5 . 37 umol , 1 . 3 eq . ) 
cleaved to form the compound of formula 24 . To a 25 mL was charged to the insert , followed by 8 . 4 uL ( 0 . 413 umol , 
RBF was charged 720 mg ( 0 . 740 mmol ) of the compound of 0 . 1 eq . ) of a 0 . 05M PTSA solution in DCM . The reaction 
formula 23 and 15 mL anhydrous THF , under nitrogen . The 65 was lightly agitated then sat at room temperature . The 
flask was placed in an ice / water / ammonium chloride , - 13° reaction took more additions of the acetal solution to drive 
C . bath . Solid lithium borohydride ( 29 . 0 mg , 1 . 33 mmol , 1 . 8 it to completion then was worked up after a couple of days 

?? 

Boc - NH 

H01 Aco 
??z 
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23 
by filtering the solution through approximately 80 mg of formula 3 . In one example , the compound of formula 3 may 
basic activated alumina . The alumina was washed with then be separated into its individual diastereoisomers to 
DCM then EtoAc and the fractions evaporated to dryness . produce the compound of formula S - ( 1 ) via chromatography 
The crude compound was purified on a normal phase using a solvent composition of 35 % MTBE in heptane as 
analytical column to yield 605 ug of the compound of described in the examples . 
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As generally described and specifically exemplified 
above , these processes may be performed with the isolation 
of one or more of the intermediate compounds , or the 
process may be performed without the isolation and purifi 
cation at each and every single processing steps . Standard 40 
procedures and chemical transformation and related meth 
ods are well known to one skilled in the art , and such 
methods and procedures have been described , for example , 
in standard references such as Fiesers ' Reagents for Organic 
Synthesis , John Wiley and Sons , New York , N . Y . , 2002 ; 45 
Organic Reactions , vols . 1 - 83 , John Wiley and Sons , New 
York , N . Y . , 2006 ; March J . and Smith M . : Advanced 
Organic Chemistry , 6th ed . , John Wiley and Sons , New York , 
N . Y . ; and Larock R . C . : Comprehensive Organic Transfor 
mations , Wiley - VCH Publishers , New York , 1999 . 50 

Accordingly , the invention additionally provides a pro 
cess for the preparation of the compound of formula S - ( 1 ) , 
which comprises separation of the S - ( 1 ) isomer from a 
mixture with the R - ( 1 ) isomer by chromatography . The 
invention additionally provides a process for the preparation 
of the compound of formula S - ( 1 ) , which comprises sepa 
ration of the S - ( 1 ) isomer from a mixture with the R - ( 1 ) 
isomer and the compound of formula ( 2 ) by chromatogra 
phy . Preferably , the compound of formula S - ( 1 ) is prepared 60 
by reaction of the compound of formula ( 13 ) with 3 , 3 
dimethoxy - 1 - propene to give the acetal compound of for 
mula ( 3 ) followed by isolation of the compound of formula 
S - ( 1 ) by chromatography . The chromatography is preferably 
conducted using silica gel as herein described . An alterna - 65 
tive method for synthesizing the compound of formula ( 1 ) is 
shown in Scheme 5 . 
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A preferred method for synthesizing the compound of 
formula ( 1 ) is shown in Scheme 6 . 45 
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of formula ( 1 ) is detailed below with reference to Scheme 7 . 

Scheme 7 

HO HO . OH OH 

10 9V 10 9 

oxidation silylation 

HOA ( 13 HOMILI 13 

OH OBZ ÖAC ?? ??z ?Ac 
29a 

T OTES HOROH OTES OTES OTES 

10V TES reduction TES acylation 
OM 13 ITILL 13 

EH S 
OBZ ?ac OH OBZ AC OH 

30 31 

?? ?? Aco ACO IIIIII OTES 111110 a 

10 9 
TES de - silylation acetal 

Om 13 formation 
HO IT 10111111 

OH OBZ OAC 
OBZ 

OH 
32 



US 10 , 143 , 677 B2 
33 34 

- continued 
Boc 

OMe 

HO , C 

Aco OMIC Meo 

35a 

coupling 

MOM117 
??? OBZ 

OH 

34 

OMe 

AcO Aco Illa Outla OMe 
hydrolysis 

Boc BocHN 

nu11 
??z ÕBZ OAc ??z ??? 

OH OH 

36a 

I . Oxidation of 10 DAB III , Formula ( 4 ) : II . Tesylation of ( 29a ) to Form ( 30 ) : 
A4 L reaction flask , rinsed with dried EtoAc ( 300 niL ) To ( 29a ) ( 96 . 72 g , 0 . 1783 mmol ) in a 10 L rotovap flask 

and held under N2 , was charged with dried EtoAc ( 1250 35 was added ethyl acetate ( 3000 mL , 30 mL / g ) . The solution 
was evaporated on the rotovap at 40° C . to approximately 

mL ) . Agitation was begun and dried ( 4 ) ( 100 g , 0 . 184 mol ) half the original volume ( distilled volume = 1680 mL ) . Tolu was added . The addition of USP EtOH ( 800 mL ) followed ene ( 1000 mL , 10 mL / g ) was added to the remaining and the reaction mixture was cooled to - 1 . 3° C . ( internal solution and it was evaporated on the rotovap at 40° C . until 
temperature ) . Anhydrous CuCl2 ( 86 . 4 g , 3 . 5 eq ) was added 40 solids were obtained ( 45 min ) . The solids were suspended in 
and solids from the sides of the flask were washed into the toluene ( 1000 mL , 10 mL / g ) and the suspension was evapo 
mixture with anhydrous EtOH ( 450 mL ) . The reaction rated on the rotovap at 40° C . ( ~ 1 h ) to dry solids . The solids 
mixture was cooled to < - 13° C . and anhydrous TEA ( 90 mL , were transferred to a 2 L flask equipped with a mechanical 
3 . 5 eq ) was added slowly . The reaction was monitored by stirrer , thermocouple , addition funnel and N , stream ( previ 
HPLC / TLC . At 1 h the reaction was judged complete ( < 5 % 45 ously purged for 5 min ) . The solids in the rotovap flask were 
( 4 ) ) . TFA ( 36 mL ) was added to quench the reaction and rinsed into the reaction flask with anhydrous pyridine ( 292 
stirring continued for 15 min . The reaction mixture was mL , 3 mL / g ) and agitation was begun . Upon dissolution , 
transferred to a 10 L rotovap flask . agitation was continued and the contents of the flask were 

cooled to - 20° C . Triethylsilyl trifluoromethanesulfonate EtOAc ( 500 mL ) and EtOH ( 300 mL ) were added to the 50 ( 120 . 9 mL , 3 . 0 eq ) was slowly added to the reaction mixture reaction flask , stirred for 2 min and the rinse added to the to maintain the internal temperature of the reaction at < - 10° contents of the rotovap flask , which was evaporated on the C . After the addition of TES - OTf was complete , the reaction rotovap at 40° C . until no further distillation occurred ( 80 mixture was allowed to warm to - 5 . 8° C . and agitation 
min ) . Acidified ethanol ( 300 mL ) was added to the residue continued . Thirty minutes after the addition of TES - OTf , 
and the resulting slurry was transferred to a 2 L rotovap 55 sampling was begun and continued at thirty - minute intervals 
flask . The first rotovap flask was rinsed into the second with for HPLC / TLC . The reaction was judged complete at 2 h 
acidified EtOH ( 400 mL ) . when HPLC / TLC indicated < 2 % mono - TES derivative 

Again , the mixture was evaporated on the rotovap at 40° remaining . The reaction mixture was cooled to - 17 . 5° C . 
C . until no further distillation occurred ( 1 h ) . Acidified Methanol ( 19 . 3 mL , 0 . 2 mL / g ) was added to quench the 
ethanol ( 305 niL ) was added to the rotovap flask and the 60 reaction and the reaction mixture was stirred for 5 min . 
mixture was stirred on the rotovap at 40° C . for 10 min . The While allowing the mixture to warm to ambient temperature , 
contents of the flask were then cooled to 5º C . and filtered . MTBE ( 500 mL ) was slowly added with stirring and the 
The rotovap flask was rinsed ( 2x ) with cold ( 2° C . ) acidified mixture was transferred to a separatory funnel . 
ethanol ( 300 mL ) and the rinse was transferred completely Residues remaining in the reaction flask were washed into 
to the filter to wash the solids . The solids were dried in the 65 the separatory funnel with additional MTBE ( 200 mL , 2 
vacuum oven overnight at 45° C . to give ( 29a ) . HPLC Area mL / g ) , then water ( 250 mL , 2 . 5 mL / g ) and saturated NH _ C1 
% = 91 . 3 % . Yield = 96 . 72 g . solution ( 250 mL , 2 . 5 mL / g ) were added . The mixture was 
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agitated and the layers were separated . The organic layer IPAC ( 140 mL ) . DMAP ( 8 . 72 g , 0 . 4 eq ) , anhydrous TEA 
was transferred to a clean container . MTBE ( 250 mL , 2 ( 170 mL , 7 eq ) and acetic anhydride ( 100 . 6 mL , 6 eq ) were 
mL / g ) was added to the aqueous layer . It was agitated and added to the contents of the reaction flask and the mixture 
the layers were separated . The second organic layer was was stirred and heated to 35° C . While continuing agitation 
washed into the first organic layer with MTBE ( 100 mL ) and 5 and heating to 35° C . , the reaction was monitored by 
water ( 200 mL , 2 mL / g ) was added to the combined layers . HPLC / TLC at 1 - hour intervals . Upon completion of the 
This mixture was agitated and the layers were separated . The reaction , as indicated by the absence of ( 31 ) ( 3 h total time ) , 
organic layer was transferred to a 2 L rotovap flask and the reaction mixture was cooled to 19 . 7° C . and saturated 
evaporated to a residue at 40° C . n - Heptane ( 500 mL , 5 ammonium chloride solution ( 552 mL ) was added . After 
mL / g ) was added to this residue and the solution was again 10 stirring for 15 min , the mixture was transferred to a sepa 
evaporated to a residue at 40° C . n - Heptane ( 1000 mL , - 10 ratory funnel , the layers were separated and the aqueous 
mL / g ) was added again and the solution was evaporated to layer was removed . Water ( 280 mL ) was added to the 
one - half of its volume ( distilled volume = 375 mL ) . n - Hep - organic layer and the mixture was stirred for 4 min . The 
tane ( 300 mL , ~ 2 . 5 mL / g ) was added and the solution was layers were again separated and the aqueous layer was 
stirred for 35 min on the rotovap at 40° C . The solution was 15 removed . The organic layer was transferred to a 2 L rotovap 
then cooled to - 15 . 7° C . while stirring was continued flask and the remaining content of the separatory funnel was 
for ~ 2 . 5 h . The solution was filtered . The solids remaining washed into the rotovap flask with IPAc ( 200 mL ) . The 
in the flask were rinsed into the filtration funnel with cold mixture was evaporated to dryness on the rotovap at 40° C . 
( < 5° C . ) n - heptane ( 100 mL ) and all the solids were col - to give - 124 g ( 32 ) as pale yellow oily foam . 
lected and dried overnight in the vacuum oven to give 111 . 2 20 Deprotection : To the rotovap flask containing ( 32 ) ( 124 g ) 
g ( 30 ) . HPLC Area % purity = 93 . 4 % . was added methanol ( 970 mL , 7 mL / g ) . Sampling for 
III . Reduction of ( 30 ) to Prepare ( 31 ) : HPLC / TLC was begun and continued at 1 - hour intervals . 

To a stirred solution of THF ( 560 mL , 5 mL / g ) under N , The ( 32 ) / methanol solution was transferred to a 3 L reaction 
in a 4 L reaction flask , was added ( 30 ) ( 111 g , 0 . 144 mol ) flask and agitation was begun . The remaining content of the 
followed by anhydrous ethanol ( 560 mL , 5 mL / g ) . The 25 rotovap flask was washed into the reaction flask with metha 
mixture was stirred to dissolve the solids and then cooled to nol ( 400 mL ) . Acetic acid ( 410 mL , 3 mL / g ) and water ( 275 
- 12° C . 2 M LiBH , in THF ( 72 mL ) was added slowly to mL , 2 mL / g ) were added and the reaction mixture was 
control the reaction temperature ( temp = - 11 . 9 to - 9 . 7° C . ) . heated to 50° C . and stirred . With the temperature main 
The reaction mixture was stirred and sampled for HPLC ) tained between 50° C . and 55° C . , the reaction was moni 
TLC at 30 min intervals . Additional 2 M LiBH , in THF was 30 tored by HPLC / TLC at 1 - hour intervals for the disappear 
introduced slowly ( 72 mL , 1 . 0 eq ) to the reaction flask ance of the starting material , formation and disappearance of 
( temp = - 9 . 6° C . to - 7 . 1° C . ) and agitation continued for 30 the mono - TES intermediate and formation of the product , 
min . A third addition of 2 M LiBH4 in THF ( 36 mL , 0 . 5 eq ) ( 33 ) . Upon completion ( ~ 9 h ) , the reaction mixture was 
was made in the same manner as the previous additions cooled to rt and transferred to a 10 L rotovap flask . Solvent 
( temp = - 7 . 6° C . to - 6 . 7° C . ) , but with the bath temperature 35 exchanges to n - heptane ( 2x1370 niL , 1x1000 mL ) and IPAC 
adjusted to 15º C . following the addition of the LiBHA ( 2x1370 mL , 1x1500 mL ) were performed . IPAc ( 280 mL , 
solution and to 12 . 5° C . ten minutes later . At 1 h following 2 mL / g ) and silica ( 140 g , 1 g / g ) were added to the rotovap 
the final LiBH4 addition , the reaction was judged complete flask and the contents were evaporated on the rotovap at 40° 
( mono reduced product < 3 % relative to ( 31 ) ) . The reaction C . until no further distillation occurred and free flowing 
mixture was cooled to - 10 . 8° C . and 10 % ammonium 40 solids were obtained . The dry silica mixture was loaded onto 
acetate in EtOH ( 560 mL ) was added slowly and cautiously a silica pad ( 7 cm column , 280 g silica ) , conditioned with 2 : 1 
to allow the foam to settle and to control the temperature of n - heptane / IPAC ( 500 mL , 2 mL / g silica ) and washed ( 4x ) 
the solution < - 3° C . The reaction mixture was transferred to with 2 : 1 n - heptane / IPAc , 2 mL / g silica , 3400 mL total ) and 
a 2 L rotovap flask and any residues in the reaction flask ( 4x ) with 1 : 1 n - heptane / IPAC ( 3020 mL total , 2 mL / g silica ) 
were rinsed into the rotovap flask with EtOH ( 250 mL ) and 45 until all impurities were removed as indicated by TLC . Each 
the contents of the rotovap flask were evaporated on the wash ( - 840 mL ) was collected as a separate fraction and 
rotovap at 40° C . to an oil . Methanol ( 560 mL ) was added analyzed by TLC . The silica pad was then washed ( 5x ) with 
to the residue . Water ( 1700 mL ) was added to a 5 L flask waEtoAc ( 1 % water , 1 % ACOH in EtOAc ) ( 3950 mL total , 
equipped with an addition funnel and mechanical stirrer and 2 mL / g silica ) and with 1 : 1 MeOH / EtOAc and each wash 
was vigorously agitated . To precipitate the product , the 50 ( ~ 840 mL ) was collected as a separate fraction . The product 
methanol solution of the reaction mixture ( 748 mL ) was eluted with fractions 11 - 15 . The fractions containing ( 33 ) as 
slowly added to the flask containing water . The resulting indicated by HPLC / TLC were combined , transferred to a 
mixture was filtered and the solids were washed with water rotovap flask and evaporated to dryness on the rotovap at 40° 
( 650 mL ) . A portion of the water was used to wash solids C . The residue in the flask was dissolved and evaporated to 
remaining in the precipitation flask into the filtration funnel . 55 dryness : first with IPAC ( 1055 mL ) and n - heptane ( 550 mL ) 
The solids were placed in the vacuum oven overnight at 45° and a second time with IPAc ( 830 mL ) and n - heptane ( 410 
C . to give 139 . 5 g of slightly wet non - homogeneous product , mL ) . IPAc ( 500 mL ) was then added to the residue , the 
( 31 ) . HPLC area % purity = 92 . 8 % . solution was transferred to a 2 L round bottom flask and 
IV . Acetylation / Deprotection of ( 31 ) to Prepare ( 33 ) : n - heptane ( 140 mL ) was added . The resulting solution was 

Acetylation : To ( 31 ) ( 138 g , 0 . 178 mol ) in a 2 L rotovap 60 evaporated on the rotovap and dried in the vacuum oven at 
flask was added IPAC ( 1400 mL , 10 mL / g ) . The solution was 40° C . to give ( 33 ) as foam . To dissolve the foam , IPAC ( 160 
evaporated on the rotovap at 40° C . to an oil . The procedure mL ) was added to the flask followed by toluene ( 800 mL ) . 
was repeated . Dried IPAC ( 550 mL ) was then added to the The solution was evaporated on the rotovap under vacuum 
residual oil and the contents of the rotovap flask were at 50° C . until half of the solvent was removed and solids 
transferred to a 1 L reaction flask , equipped with a mechani - 65 were forming . The contents of the flask were stirred and 
cal stirrer , addition funnel , thermocouple and a N , stream . cooled to 21° C . for 1 . 5 h . The solids were filtered in a 90 
The rotovap flask was washed into the reaction flask with cm filtration funnel on # 54 Whatman filter paper and were 
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37 
washed with toluene ( 165 mL ) , transferred to the vacuum VIII . Purification Procedures : 
oven and dried at 40° C . to give 62 . 6 g of ( 33 ) . HPLC area Normal Phase Chromatography : The 6 " Varian DAC 
% = 96 . 9 % column was packed with Kromasil ( 5 Kg , 10 um , 100 A 
VI . Acetal Formation : ( 33 ) to ( 34 ) normal phase silica gel ) . The 50 - cm bed length provided a 

To a 3 L reaction flask containing ( 33 ) ( 25 g , 42 . 4 mmol ) 5 9 L empty column volume ( eCV ) . The column had been 
regenerated ( 1 eCV 80 : 20 waMTBEMOH ) and re - equili was added toluene ( 375 mL ) and the reaction mixture was brated ( IeCV waMTBE , 1 eCV 65 : 35 n - heptane : waMTBE ) . cooled to - 15° C . TFA ( 9 . 8 mL , 3 . 0 eq ) was slowly added . The crude ( 1 ) ( 64 . 70 g ) , was dissolved in MTBE ( 180 mL ) 

This was followed by the addition of acrolein diethyl acetal and heated to ~ 40° C . n - Heptane ( 280 mL ) was slowly 
( 8 . 7 g ) and the reaction was monitored by HPLC until < 3 % added to the solution . This load solution was pumped onto 
of ( 33 ) remained . Hydrated silica was prepared by mixing the column using a FMI “ Q ” pump . The column was then 
silica ( 25 g ) and water ( 25 % ) and a “ basified silica ” mixture eluted with 65 : 35 n - heptane : waMTBE at 800 mL / min . A 34 
was prepared by mixing a solution of K C03 ( 17 . 6 g , 3 . 0 eq ) L forerun ( ~ 3 . 8 eCV ) was collected followed by 24 fractions 
in water ( 1 mL / g ( 33 ) ) with 50 g silica . Upon reaction ( 500 mL each ) . Fractions 1 through 23 were combined and 
completion , the hydrated silica was added to the reaction 15 concentrated to dryness on a rotovapor . The residue was 

15 dried in the vacuum oven overnight to provide 41 . 74 g ( 1 ) . mixture and it was stirred for 30 to 45 min while maintaining HPLC area % = 99 . 4 % . the temperature < 5° C . The basified silica was then added to Final Purification : The normal phase pool was dissolved 
the mixture while continuing to maintain the temperature in USP EtOH ( 6 mL / g ) and concentrated to dryness three 
< 5° C . and the pH > 5 . After stirring for – 15 min , the mixture times . The resultant residue was dissolved in USP EtOH ( 2 
was filtered . The silica was washed with – 20 mL / g toluene 20 mL / g ) . This ethanolic solution was slowly added drop - wise 
and the filtrates were combined and concentrated . The to water ( deionized , 20 mL / g ) with vigorous stirring . The 
residue was digested with 1 mL / g toluene for ~ 4 h . The resultant solids were vacuum filtered and washed with cold 
resultant solids were filtered and washed with 80 : 20 toluene ) DI water . The solids were dried in the vacuum oven at 40° 
heptane to give 25 g of ( 34 ) . HPLC area % = 98 % . Mass C . overnight to give 38 . 85 g ( 1 ) . HPLC area % = 99 . 5 % . 
yield = 66 % . 25 IX . Coupling of ( 35b ) to ( 34 ) to Form ( 1 ) : 
VII . Preparation of Compound ( 1 ) from ( 34 ) : Anhydride / Coupling ( 35b ) with ( 34 ) : 

TO THF ( 300 niL , 8 mL / g ) stirring in a 1 L reaction flask A 10 mL round bottom flask with two necks was heated 
( rinsed with THF ( 500 mL ) ) was added ( 34 ) ( 35 . 7 g , 0 . 0570 to eliminate water , then allowed to cool under N , atmo 
mol ) . Purified ( 35a ) ( 30 . 9 g , 1 . 25 eq ) was added to the sphere . To the flask was added ( 34 ) ( 125 mg , 0 . 2 mmol ) , 
reaction mixture followed by the addition of NMM ( 11 . 5 30 1530 THF ( 1 . 25 mL ) , 4 - methylmorpholine ( 40 UL , 0 . 36 mmol ) , 

DMAP ( 10 . 9 mg , 0 . 009 mmol ) , ( 35b ) sodium salt ( 110 mg , mL , 1 . 8 eq ) , DMAP ( 2 . 77 g , 0 . 4 eq ) and THF ( 75 mL , 2 0 . 254 mmol ) and finally trimethylacetyl chloride ( 40 uL , mL / g ) . The mixture was stirred while N2 was bubbled from 0 . 319 mmol ) . The reaction mixture was stirred at 40° C . the bottom of the flask to mix and dissolve the solids . under N2 . After about 2 hours , additional 4 - methylmorpho Pivaloyl chloride ( 11 . 5 mL , 1 . 6 eq ) was then added slowly a siowy 35 line ( 11 ul , 0 . 01 mmol ) , ( 35b ) sodium salt ( 41 mg , 0 . 1 to the reaction mixture . The reaction mixture was warmed mmol ) and trimethylacetyl chloride ( 13 UL , 0 . 1 mmol ) were 
and the temperature maintained at 38° C . + 4° C . while added to assist formation of the anhydride intermediate 
stirring continued and N , continued to be bubbled from the I and N2 continued to be bubbled from the which then coupled to ( 34 ) . 
bottom of the flask . The reaction mixture was analyzed by After about 2 additional hours , 4 - methylmorpholine ( 11 
HPLC / TLC for consumption of starting material and for - 40 uL , 0 . 010 mmol ) , trimethylacetyl chloride ( 13 ul , 0 . 104 
mation of the coupled ester , ( 36a ) , at 30 min intervals mmol ) and ( 35b ) sodium salt ( 42 mg , 0 . 1 mmol ) were added . 
beginning 30 min after the addition of the pivaloyl chloride . After 1 . 5 hours more , the reaction was placed into a freezer 
After 1 h the reaction was judged complete and the reaction at - 20° C . overnight . The following morning , stirring was 
mixture was cooled to 2° C . 0 . 5 N HCl in MeOH ( 280 ml , resumed and the reaction was heated to 45° C . for 2 hours . 
- 20 mL / mL NMM ) was added to maintain the pH of the 45 Additional 4 - methylmorpholine ( 22 UL , 0 . 02 mmol ) and 
reaction mixture = 1 . 5 - 1 . 9 . The reaction mixture was stirred trimethylacetyl chloride ( 25 uL , 0 . 201 mmol ) were added . 
at 2° C . + 2° C . and monitored by HPLC / TLC at 30 min An additional 2 hours of stirring resulted in the reaction 
intervals for consumption of ( 36a ) and formation of ( 1 ) and reaching - 90 % completion . To quench , the reaction mixture 
the acrolein acetal hydrolyzed by - product . Upon completion was removed from heat and allowed to cool to RT with 
at 2 h the reaction was quenched with 5 % aqueous sodium 50 stirring , and MTBE ( 2 mL ) was added followed by water ( 1 
bicarbonate ( 300 mL ) and IPAC ( 185 mL , 5 mL / g ) was mL ) . The mixture was partitioned and the organic phase was 
added . The reaction mixture was transferred to a 2 L rotovap washed with brine ( 40 uL ) . The organic phase was concen 
flask and the reaction flask rinsed into the rotovap flask 2x trated at 40° C . to obtain crude product as a pink foam . The 
with 60 mL IPAc . The mixture was evaporated under pink foam was dissolved into MTBE ( 500 uL ) and added 
vacuum at 40° C . until a mixture of oil and water was 55 dropwise to stirring n - heptane ( 5 mL ) at - 20° C . to give pink 
obtained . EPAC ( 200 mL ) was added to the oil and water precipitate . The mixture was vacuum filtered and the solids 
mixture and the contents of the flask were transferred to a were dried overnight in a vacuum oven at 40° C . to yield the 
separatory funnel . The reaction flask was rinsed into the desired coupled ester ( 82 mg ) , as indicated by LC / MS . The 
separatory funnel with IPAc ( 100 mL ) and the contents of coupled ester ( 36b ) was purified by flash chromatography on 
the separatory funnel were agitated and the layers were 60 normal phase silica , eluting with an IPAc / n - heptane system 
separated . The aqueous layer was removed . Water ( 70 mL ) of increasing polarity . 
was added to the organic layer and , after agitation , the layers Approximately 26 mg of the purified coupled ester ( 36b ) 
were separated and the aqueous layer was removed . The was recovered as confirmed by LC / MS . 
organic layer was transferred to a rotovap flask and evapo - Deprotection of ( 36b ) to Form ( 1 ) : 
rated under vacuum at 40° C . to a foam , which was dried in 65 The coupled ester ( 36b ) ( 15 mg , 0 . 001 mmol ) was dis 
the vacuum oven to give 64 . 8 g crude ( 1 ) . HPLC area % solved into THF ( 1 mL ) . A 250 UL aliquot of the solution 
45 . 5 % . was diluted 1 : 1 with THF . The solution was stirred on an ice 



US 10 , 143 , 677 B2 
39 40 

bath at ~ 0° C . , after which HCl ( 0 . 5 N in MeOH , 25 uL ) was selected from the group consisting of cytostatic agent , 
added . The reaction was monitored by LC / MS , which indi cytotoxic agent , taxane , topoisomerase II inhibitor , topoi 
cated the formation of ( 1 ) . somerase I inhibitor , tubulin interacting agent , antibodies , 
Methods for the preparation of the compounds of formula antiangiogenics , COX - 2 inhibitors , hormonal agent , thymi 

35a ( the 2 , 6 - dimethoxy coupling agent ) and 35b ( the 2 , 4 - 5 dilate synthase inhibitor , anti - metabolite , alkylating agent , 
dimethoxy coupling agent ) and further suitable coupling famesyi protein transferase inhibitor signal transduction 
conditions for converting the compound of formula ( 34 ) into inhibitor , EGFR kinase inhibitor , antibody to EGFR , C - abl the compound of formula ( 1 ) are described in WO 2007 / kinase inhibitor , hormonal therapy combination and aro 126893 . matase combination . 

10 In another aspect of the above embodiment , the one or Chemical Example 1 . Separation of 
Diastereoisomers of Formula ( 3 ) by Normal Phase more pharmaceutically acceptable , inert or physiologically 

Chromatography active diluents or adjuvants is selected from the group 
consisting of temozolomide , uracil mustard , chiormethine , 

A solution of the compound of formula ( 3 ) , which com - ifosfamide , melphalan , chlorambucil , pipobroman , triethyl 
prises a mixture of diastereoisomers of formula ( 1 ) and 15 enemelaniine , triethylenethiophosphoramine , busulfan , car 
formula ( 2 ) ( 570 mg ) was concentrated to light yellow oil , mustine , lomustine , streptozocin , dacarbazine , floxuridine , 
dried in the vacuum oven for 15 min and re - dissolved in cytarabine , 6 - mercaptopurine , 6 - thioguanine , fludarabine 
35 : 65 MTBE / n - heptane . The solution was loaded onto a phosphate , oxaliplatin , leucovirin , oxaliplatin , pentostatine , 
flash chromatography column packed with spherical silica vinblastine , vincristine , vindesine , bleomycin , dactinomy 
( YMC - 1701 , 56 g ) , which had been conditioned with 35 : 65 20 cin , daunorubicin , doxorubicin , epirubicin , idarubicin , mith 
MTBE / n - heptane . The solution flask was rinsed ( 2x ) with ramycin , deoxycoformycin , mitomycin - c , l - asparaginase , 
~ 2 mL of MTBE onto the column . The column was eluted teniposide i 7a - ethinylestradiol , diethylstilbestrol , testoster 
with 35 : 65 MTBE / n - heptane and fractions ( 25 mL ) were one , prednisone , fluoxymesterone , dromostanolone propi 
collected . Fractions containing the pure product ( fractions onate , testolactone , megestrolacetate , methylprednisolone , 
23 - 25 ) as indicated by visual spotting ( to identify the elution 25 methyltestosterone , prednisolone , triamcinolone , chlorotri 
of UV active material ) and by TLC analysis ( 50 : 50 MTBE / anisene , hydroxyprogesterone , aminoglutethimide , estra 
n - heptane ) were collected , pooled and concentrated to give mustine , medroxyprogesteroneacetate , leuprolide , fluta 
305 mg of the diastereoisomer of formula S - ( 1 ) as a white mide , toremifene , goserelin , cisplatin , carboplatin , 
solid . hydroxyurea , amsacrine , procarbazine , mitotane , mitoxan 

The compound S - ( 1 ) was characterized by NMR , includ - 30 trone , levamisole , navelbene , anastrazole , letrazole , capecit 
ing ' H , 13C , HMBC , HSQC , NOESY , COSY and abine , reloxafine , droloxafine , hexamethylmelamine , doxo 
GHSQMBC . The compound of formula S - ( 1 ) was also rubicin , cyclophosphamide , gemcitabine , interferons , 
analyzed by B - tubulin binding modeling studies . Similarly pegylated interferons , erbitux and mixtures thereof . In 
compound R - ( 1 ) was also characterized by NMR , includ another aspect of the above embodiment , the therapeutic is 
ing H , 13C , HMBC , HSQC , NOESY , COSY and 35 administered alone or in combination with radiotherapy . 
gHSQMBC . The compound of the formula ( 1 ) may be used Similarly it may be employed in conjunction with surgery . 
to provide single isomers by chromatography over spherical In another aspect of the above embodiment , the other 
silica . chemotherapeutic agent is temozolomide , cisplatin , 5 - fluo 
Properties and Uses of Compounds rouracil , taxotere or gemcitabine . Most aptly , the other 

The compound of the formula ( 1 ) also has the extremely 40 chemotherapeutic agent is active against brain cancer . In a 
surprising property of being effective after oral administra - favored aspect of the above embodiment , the other chemo 
tion . The brain cancer to be treated may be a neuroblastoma . therapeutic agent is temozolomide . In a further favored 
The brain cancer to be treated may be a glioblastoma . In aspect of the above embodiment the other chemotherapeutic 
another aspect of the above embodiment , the therapeutic agent is bevacizumab ( AvastinTM ) . In one aspect , the cancer 
further comprises one or more chemotherapeutic agents 45 to be treated is one responsive to microtubule stabilization . 
selected from the group consisting of aromatase inhibitors , In one embodiment , the application also provides any of the 
antiestrogen , anti - androgen , a gonadorelin agonists , topoi - above embodiments , further comprising administering one 
somerase 1 inhibitors , topoisomerase 2 inhibitors , microtu - or more additional anti - cancer agents . If the brain cancer is 
bule active agents , alkylating agents , anthracyclines , corti - a metastasis the primary tumor or metastases external to the 
costeroids , IMiDs , protease inhibitors , IGF - I inhibitors , 50 brain may be simultaneously treated . In one aspect , the 
CD40 antibodies , Smac mimetics , FGF3 modulators , mTOR application also provides the above embodiment wherein the 
inhibitors , HDAC inhibitors , IKK inhibitors , P38MAPK one or more additional anti - cancer agents act in a phase of 
inhibitors , HSP90 inhibitors , akt inhibitors , antineoplastic the cell cycle other than the G2 - M phase . In one aspect , the 
agents , antimetabolites , platin containing compounds , lipid application also provides the above embodiment wherein the 
or protein kinase - targeting agents , protein - or lipid phos - 55 one or more additional anti - cancer agents is a thymidilate 
phatase - targeting agents , anti - angiogentic agents , agents synthase inhibitor , a DNA cross linking agent , a topoi 
that induce cell differentiation , bradykinin 1 receptor somerase I or II inhibitor , a DNA alkylating agent , a 
antagonists , angiotensin II antagonists , cyclooxygenase ribonuclase reductase inhibitor , a cytotoxic factor , or a 
inhibitors , heparanase inhibitors , lymphokine inhibitors , growth factor inhibitor . In one embodiment , the application 
cytokine inhibitors , bisphosphanates , rapamycin derivatives , 60 also provides any of the above embodiments , further com 
anti - apoptotic pathway inhibitors , apoptotic pathway ago - prising administering radiation therapy . In one aspect , the 
nists , PPAR agonists , inhibitors of Ras isoforms , telomerase application also provides the above embodiment in combi 
inhibitors , protease inhibitors , metalloproteinase inhibitors , nation with surgical removal of a cancer . 
and aminopeptidase inhibitors . In one aspect , the application also provides the above 

In another aspect of the above embodiment , the therapeu - 65 embodiment in combination with surgical removal of a 
tic further comprises one or more pharmaceutically accept - cancer . In one embodiment , the application also provides 
able , inert or physiologically active diluents or adjuvants any of the above embodiments , further comprising admin 
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istering radiation therapy . In one aspect , the application also comprises the compound of formula S - ( 1 ) or its single 
provides the above embodiment in combination with surgi isomer as described above , by administering the compound 
cal removal of a cancer . In another aspect , the application of formula S - ( 1 ) or its single isomer as described above as 
also provides the above embodiment in combination with an intravenous formulation . In one aspect of the above 
surgical removal of a cancer . 5 embodiment , said intravenous formulation comprises the 

In one embodiment , the application also provides any of compound of formula S - ( 1 ) or its single isomer as described 
the above embodiments , further comprising administering above given at high dose . In another aspect of the above 
radiation therapy . In one aspect , the application also pro - embodiment , wherein another drug in the regimen com 
vides the above embodiment in combination with surgical prises an anti - mitotic agent or anti - microtubule agent . In 
removal of a cancer . In another aspect , the application also 10 another aspect of the above embodiment , the dosage of a 
provides the above embodiment in combination with surgi - single infusion of the compound of formula S - ( 1 ) or its 
cal removal of a cancer . In one embodiment , the application single isomer as described above exceeds 160 Mg / M² . In 
also provides any of the above embodiments , further com - another aspect of the above embodiment , the dosage of a 
prising administering radiation therapy . In one aspect , the single infusion of the compound of formula S - ( 1 ) or its 
application also provides the above embodiment in combi - 15 single isomer as described above exceeds 185 Mg / M² . 
nation with surgical removal of a cancer . In one aspect , the In one embodiment , the application also provides a 
application also provides the above embodiment in combi - method to produce prolonged elevated plasma levels of the 
nation with surgical removal of a cancer . compound of formula S - ( 1 ) or its single isomer as described 

In one embodiment , the application also provides any of above to promote synergistic interaction between the com 
the above embodiments , aspects and variations , wherein the 20 pound of formula S - ( 1 ) or its single isomer as described 
composition is administered as a single infusion once every above and a second chemotherapeutic agent , wherein : the 
21 days in a 21 day cycle . In one embodiment , the appli - compound of formula S - ( 1 ) or its single isomer as described 
cation also provides any of the above embodiments , wherein above is administered as an intravenous formulation , and the 
the compound of formula S - ( 1 ) or its single isomer as compound of formula S - ( 1 ) or its single isomer as described 
described above is administered as a single infusion once 25 above is administered on the day of , or within 3 days of 
every seven days , followed by a rest week , in a 28 day cycle . administration of said second chemotherapeutic agent . In 
In one embodiment , the application also provides any of the one aspect of the above embodiment , said second chemo 
above embodiments , wherein the compound of formula therapeutic agent comprises an anti - mitotic agent or anti 
S - ( 1 ) or its single isomer as described above is administered microtubule agent . In another aspect of the above embodi 
in intravenously combination with one or more anti - cancer 30 ment , the intravenous formulation comprises the compound 
therapies . of formula S - ( 1 ) or its single isomer as described above . In 

In one aspect , the application also provides the above one embodiment , the application also provides a method of 
embodiment wherein the one or more anti - cancer therapies binding microtubules in cancer cells using the compound of 
is a chemotherapeutic agent . In another variation of the formula S - ( 1 ) or its single isomer as described above . In 
above embodiment , the one or more anti - cancer therapies is 35 another embodiment , the application also provides a method 
a radiotherapeutic agent . of hindering mitosis in cancer cells using the compound of 

In another variation of the above embodiment , the one or formula S - ( 1 ) or its single isomer as described above . In one 
more anti - cancer therapies is surgical removal of a tumor . In aspect of the above embodiment , the cancer cells are brain 
another variation of the above embodiment , the chemothera - cancer cells . In one aspect of the above embodiment , the 
peutic agent is temozolomide . 40 compound of formula S - ( 1 ) or its single isomer as described 

In one embodiment , the application also provides any of above is not a substrate for MDR protein . In one embodi 
the above embodiments , wherein the compound of formula ment , the application also provides any of the above embodi 
S - ( 1 ) or its single isomer as described above is administered ments wherein the compound of formula S - ( 1 ) or its single 
intravenously before the other chemotherapeutic agents . In isomer as described above is a single diastereoisomer . In one 
one embodiment , the application also provides any of the 45 embodiment , the application also provides any of the above 
above embodiments , wherein the compound of formula embodiments wherein the compound of formula S - ( 1 ) or its 
S - ( 1 ) or its single isomer as described above is administered single isomer as described above is a mixture of more than 
intravenously after the other chemotherapeutic agents . In one diastereoisomer . 
another embodiment , the application also provides any of In one embodiment , the application also provides a 
the above embodiments , wherein the compound of formula 50 method of assaying for cancer cell sensitivity to the com 
S - ( 1 ) or its single isomer as described above is administered pound of formula S - ( 1 ) or its single isomer as described 
intravenously before a radiotherapeutic agent . In yet another above comprising : a ) providing a cancer cell ; b ) contacting 
embodiment , the application also provides any of the above the cancer cell with the compound of formula S - ( 1 ) or its 
embodiments , wherein the compound of formula S - ( 1 ) or its single isomer as described above ; c ) analyzing the cancer 
single isomer as described above is administered intrave - 55 cell for inhibition of growth ; and d ) comparing the inhibition 
nously after a radiotherapeutic agent . In one embodiment of growth in the cancer cell from step ( c ) with the inhibition 
the application also provides any of the above embodiments , of growth in the cancer cell in the absence of the compound 
wherein the compound of formula S - ( 1 ) or its single isomer of formula S - ( 1 ) or its single isomer as described above , 
as described above is administered intravenously before wherein growth inhibition by the compound of formula 
surgical removal . 60 S - ( 1 ) or its single isomer as described above indicates that 

In yet another embodiment , the application also provides said cancer cell is susceptible to the compound of formula 
any of the above embodiments , wherein the compound of S - ( 1 ) or its single isomer as described above . In one embodi 
formula S - ( 1 ) or its single isomer as described above is ment , the application also provides the above embodiment , 
administered intravenously after surgical removal . In one further comprising assaying for inhibition of tubulin disas 
embodiment , the application also provides a method of 65 sembly in a cancer cell . 
potentiating the therapeutic benefit of a multidrug chemo - The invention also provides the compound of formula 
therapeutic regimen , wherein one of the drugs in the regimen S - ( 1 ) or its single isomer as described above for use in the 
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treatment of brain cancer . Such use may be by oral admin - wetting agent , dispersant , flocculation agent , thickener , buf 
istration , injection ( for example intravenous injection ) or by fer , osmotic agent , coloring agent , flavor , fragrance , and / or 
other modes of administration . The invention also provides preservative . 
the use of the compound of the formula S - ( 1 ) or its single T he composition may contain the above taxane compound 
isomer as described above in the manufacture of a medica - 5 in a composition also comprising a polyoxyethylated castor 
ment for the treatment of brain cancer . Such a medicament oil . Many compositions will also comprise ethanol . 
may be adapted to be administered by oral administration , Preferably , the polyethoxylated castor oil formulation is 
injection ( for example intravenous injection ) or by other about 50 % ethanol and about 50 % polyethoxylated castor oil 
modes of administration . The brain cancer that is treated or about 85 % ethanol and about 15 % polyethoxylated castor 
may be any that grows in the brain , including but not limited 10 oil . Such polyethoxylated caster oils include those available 
to , astrocytoma , cramiopharyugioma , glioma , ependynoma , as Cremophor . Other suitable agents for inclusion in such 
neuroglioma , oligodendroglioma , glioblastoma multiforme , formulations are as described in WO 99 / 45918 . Such addi 
meningioma , medalloblastoma and other primitive neuroec - tional carriers include vitamin E TPGS , oleic acid , Tweens 
toderma . such as Tween 80 , butrol , solutrol and the like . 

The compound of formula S - ( 1 ) or its single isomers as 15 Such a possible liquid formulation includes a sterile 
described above may be administered by any conventional solution containing 10 mg / mL of the compound of formula 
route of administration including , but not limited to , oral , S - ( 1 ) or its single isomers as described above in a 15 : 85 or 
pulmonary , intraperitoneal ( ip ) , intravenous ( iv ) , intramus - 50 : 50 ( w / v ) polyoxyl 35 castor oil / dehydrated alcohol solu 
cular ( im ) , subcutaneous ( sc ) , transdermal , buccal , nasal , tion . An appropriate pharmaceutical grade polyoxyl 35 
sublingual , ocular , rectal and vaginal . It will be readily 20 castor oil is Cremophor EL - P , which is a non - ionic solubi 
apparent to those skilled in the art that any dosage or lizer made by reacting castor oil with ethylene oxide in a 
frequency of administration that provides the desired thera - molar ratio of 1 : 35 , followed by a purification process 
peutic effect is suitable for use in the present application . ( BASF Pharma ) . For oral use such compositions need not be 
The therapeutically effective amount of the compound of sterile . 
formula S - ( 1 ) or its single isomers as described above may 25 It is believed that the compounds and hence compositions 
be administered by week or by 21 days at about 7 - 500 of this invention possess an enhanced safety profile ( for 
mg / m² , or 7 - 240 mg / m² , or 7 - 185 mg / m² . The dosages , example , on the immune system or the blood ) in comparison 
however , may be varied depending on the requirements of to marketed taxanes which offers the potential for enhanced 
the subject to be treated , including sex , age , weight , diet , etc . or longer dosing schedules under the direction of the skilled 
The precise amount of the compound of formula S - ( 1 ) or its 30 physician than marketed taxanes . The compositions may for 
single isomers as described above required to be adminis - oral administration contain at least 30 mg / m2 of the com 
tered depends on the judgment of the practitioner and is pound of the invention per dose , or at least 50 , 80 , 100 , 150 
peculiar to each individual . Such amounts can often be mg / m2 , or less than 250 mg / ni2 per does ( the average area 
reflected in unit doses of about 200 mg to 400 mg , for for a patient being assumed to be 2 m for conversion to 
example about 250 mg , 300 mg or 350 mg . Another embodi - 35 absolute weight ) . However , the dosage may be varied as 
ment of the present application is a pharmaceutical compo - directed by the physician in view of the individual patient ' s 
sition for treating brain tumor , comprising a therapeutically response . 
effective amount of the compound of formula S - ( 1 ) or its liquid composition will normally contain about 0 . 1 
single isomers as described above and a pharmaceutically mg / ml to about 15 mg / ml for example about 0 . 5 , 1 , 2 , 3 , 5 
acceptable carrier . To prepare a pharmaceutical composition 40 or 10 mg / ml of the compound of the invention . A non - liquid 
of the present application , the compound of formula S - 1 ) or composition may contain a higher proportion of the com 
its single isomers as described above is admixed with a pound of the invention , for example 5 % to 50 % , such as 10 , 
pharmaceutically acceptable carrier according to conven - 20 , 25 or 30 % by weight . WO 1999 / 45918 and the interna 
tional pharmaceutical compounding techniques , wherein the tional patent applications and US patent applications 
carrier may take a wide variety of forms depending on the 45 referred to above discloses compositions that may be con 
form of preparation desired for administration . Suitable sidered for use with compounds of the invention . 
pharmaceutically acceptable carriers are well known in the The compound of the invention may be useful in the 
art . Descriptions of some pharmaceutically acceptable car - treatment of diseases when used alone or in combination 
riers may be found in The Handbook of Pharmaceutical with other therapies . For example , when used for the treat 
Excipients , Eds . Rowe et al . , American Pharmaceutical 50 ment of cancer , the compounds of the invention may be 
Association and the Pharmaceutical Society of Great Brit - administered alone or in combination with radiotherapy , 

surgical removal , hormonal agents , antibodies , antiangio 
The pharmaceutical composition of the present applica - genics , COX - 2 inhibitors , and / or other chemotherapeutic 

tion may be in the form of a tablet , pill , capsule , granule , agents such as taxanes , temozolomide , cisplatin , 5 - fluorou 
powder , ointment , gel , sterile parenteral solution or suspen - 55 racil , taxotere , gemcitabine , topoisomerase II inhibitor , 
sion , metered aerosol or liquid spray , or suppository , topoisomerase I inhibitor , tubulin interacting agent , antibod 
depending on the administration route . As a solid dosage ies , antiangiogenics , COX - 2 inhibitors , hormonal agent , 
form , the pharmaceutical composition of the present appli - thymidilate synthase inhibitor , anti - metabolite , alkylating 
cation may comprise , in addition to the compound of for - agent , farnesyl protein transferase inhibitor , signal transduc 
mula S - ( 1 ) or its single isomers as described above , at least 60 tion inhibitor , EGFR kinase inhibitor , antibody to EGFR , 
one diluent , binder , adhesive , disintegrant , lubricant , anti - C - abl kinase inhibitor , hormonal therapy combination , and 
adherent , and / or glidant . Additionally , sweeteners , fla - aromatase combination . 
vorants , colorants and / or coatings may be added for specific The compound of the invention may be useful in the 
purposes . As a liquid dosage form , the pharmaceutical treatment of diseases when used alone or in combination 
composition of the present application may comprise , in 65 with other chemotherapeutics . For example , when used for 
addition to the compound of formula S - ( 1 ) or its single the treatment of cancer , the compounds of the invention may 
isomers as described above and a liquid vehicle , at least one be administered alone or in combination with aromatase 

ain . 
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inhibitors , antiestrogen , anti - androgen , a gonadorelin ago antagonists , angiotensin II antagonists , cyclooxygenase 
nists , topoisomerase 1 inhibitors , topoisomerase 2 inhibitors , inhibitors , heparanase inhibitors , lymphokine inhibitors , 
microtubule active agents , alkylating agents , anthracyclines , cytokine inhibitors , bisphosphanates , rapamycin derivatives , 
corticosteroids , IMiDs , protease inhibitors , IGF - 1 inhibitors , anti - apoptotic pathway inhibitors , apoptotic pathway ago 
CD40 antibodies , Smac mimetics , FGF3 modulators , mTOR 5 nists , PPAR agonists , inhibitors of Ras isoforms , telomerase 
inhibitors , HDAC inhibitors , IKK inhibitors , P38MAPK inhibitors , protease inhibitors , metalloproteinase inhibitors , 
inhibitors , HSP90 inhibitors , akt inhibitors , antineoplastic and aminopeptidase inhibitors . 
agents , antimetabolites , platin containing compounds , lipid 
or protein kinase - targeting agents , protein - or lipid phos FIGURES 
phatase - targeting agents , anti - angiogentic agents , agents 10 
that induce cell differentiation , bradykinin 1 receptor FIG . 1 . The compound of formula S - ( 1 ) crosses rat 
antagonists , angiotensin II antagonists , cyclooxygenase blood - brain barrier . 
inhibitors , heparanase inhibitors , lymphokine inhibitors , FIG . 2 . Mouse Plasma and Brain Levels of the compound 
cytokine inhibitors , bisphosphanates , rapamycin derivatives , of formula S - ( 1 ) after single IV dose . 
anti - apoptotic pathway inhibitors , apoptotic pathway ago - 15 FIG . 3 . Summary of U251 Orthotopic Intracranial Xeno 
nists , PPAR agonists , inhibitors of Ras isoforms , telomerase graft Study Data 
inhibitors , protease inhibitors , metalloproteinase inhibitors , FIG . 4 . The compound of formula S - ( 1 ) Oral efficacy in 
aminopeptidase inhibitors , thymidilate synthase inhibitors , a Mice 
DNA cross linking agents , topoisomerase I or II inhibitors , FIG . 5 . Oral Efficacy of the compound of formula S - ( 1 ) in 
DNA alkylating agents , ribonuclase reductase inhibitors , 20 Neuroblastoma Xenograft 
cytotoxic factors , and growth factor inhibitors . FIG . 6 . The compound of formula S - ( 1 ) Oral Efficacy in 

The compound of the invention may be useful in the Ovarian Tumor Xenograft 
treatment of diseases when used alone or in combination FIG . 7 . The compound of formula S - ( 1 ) Oral efficacy in 
with other chemotherapeutics . For example , when used for Glioblastoma Xenograft 
the treatment of cancer , the compounds of the invention may 25 FIG . 8 . Oral efficacy of the compound of formula S - ( 1 ) in 
be administered alone or in combination with pharmaceuti Glioblastoma Xenograft Model 
cally acceptable , inert or physiologically active diluents or FIG . 9 . IV efficacy of the compound of formula S - ( 1 ) in 
adjuvants is selected from the group consisting of temozo Glioblastoma Xenograft Model 
lomide , uracil mustard , chiormethine , ifosfamide , mel 
phalan , chlorambucil , pipobroman , triethylenemelaniine , 30 EXAMPLES 
triethylenethiophosphoramine , busulfan , carmustine , lomus 
tine , streptozocin , dacarbazine , floxuridine , cytarabine , In Vitro ED50 MT Polymerization Study 
6 - mercaptopurine , 6 - thioguanine , fludarabine phosphate , 
oxaliplatin , leucovirin , oxaliplatin , pentostatine , vinblastine , In this tubulin binding assay , microtubule protein ( MTP ) 
vincristine , vindesine , bleomycin , dactinomycin , daunoru - 35 is used as a substrate . The assay contains bovine tubulin plus 
bicin , doxorubicin , epirubicin , idarubicin , mithramycin , microtubule associated proteins ( MAP ) . MTP is polymer 
deoxycoformycin , mitomycin - c , 1 - asparaginase , teniposide ized into microtubules in the presence of DAPI ( 4 ' , 6 
i 7a - ethinylestradiol , diethyistilbestrol , testosterone , pred diamidino - 2 - phenylindole ) , a fluorescent compound . DAPI 
nisone , fluoxymesterone , dromostanolone propionate , testo - binds to tubulin ; when microtubules are formed and there is 
lactone , megestrolacetate , methylprednisolone , methyltes - 40 an enhancement of fluorescence . The microtubule formation 
tosterone , prednisolone , triamcinolone , chlorotrianisene , is measured as a function of time , using a fluorescence plate 
hydroxyprogesterone , aminoglutethimide , estramustine , reader . The ED50 values obtained with this method are in 
medroxyprogesteroneacetate , leuprolide , flutamide , tore - good agreement with older sedimentation techniques . The 
mifene , goserelin , cisplatin , carboplatin , hydroxyurea , more current assay , using DAPI , is faster and uses less 
amsacrine , procarbazine , mitotane , mitoxantrone , levami - 45 protein . The method used is based on the procedure pub 
sole , navelbene , anastrazole , letrazole , capecitabine , relox lished by Donna M . Barron , et al , “ Fluorescence - based 
afine , droloxafme , hexamethylmelamine , doxorubicin , high - throughput assay for antimicrotuble drugs ” Analytical 
cyclophosphamide , gemcitabine , interferons , pegylated Biochemistry , 315 : 49 - 56 , 2003 , which is incorporated by 
interferons , erbitux and mixtures thereof . reference in its entirety . The excitation wavelength , in that 

The compound of the invention may be useful in the 50 assay , was set at 370 nm and the emission wavelength was 
treatment of diseases when used alone or in combination set at 450 nm for the DAPI experiments . 
with other chemotherapeutics . For example , when used for A Bio - Tek FL 600 microplate Fluorescence Reader was 
the treatment of cancer , the compounds of the invention may used to measure the relative level of fluorescence in the 
be administered alone or in combination with pharmaceuti - DAPI assay . 
cally acceptable , inert or physiologically active diluents or 55 Assays were conducted in 96 - well plates . Each well 
adjuvants is selected from the group consisting of aromatase contained a total volume of 0 . 1 niL consisting of PEM buffer 
inhibitors , antiestrogen , anti - androgen , a gonadorelin ago ( 0 . 1 M Pipes , 1 mM EGTA , 1 mM MgCl2 , pH 6 . 9 ) , 0 . 2 mg 
nists , topoisomerase 1 inhibitors , topoisomerase 2 inhibitors , bovine microtubule protein , and 10 ug of DAPI . Compounds 
microtubule active agents , alkylating agents , anthracyclines , having paclitaxel - like activity of varying concentrations 
corticosteroids , IMiDs , protease inhibitors , IGF - I inhibitors , 60 dissolved in DMSO were added last . The final DMSO 
CD40 antibodies , Smac mimetics , FGF3 modulators , mTOR concentration was 4 % . The plates were incubated at 37° C . 
inhibitors , HDAC inhibitors , IKK inhibitors , P38MAPK for 30 minutes and read in a fluorescence plate reader using 
inhibitors , HSP90 inhibitors , akt inhibitors , antineoplastic an excitation wavelength of 360 nm and an emission wave 
agents , antimetabolites , platin containing compounds , lipid length of 460 nm . Fluorescence values were corrected for 
or protein kinase - targeting agents , protein - or lipid phos - 65 the sample without compound . Results were expressed as a 
phatase - targeting agents , anti - angiogentic agents , agents percent of maximum assembly , with maximum assembly 
that induce cell , differentiation , bradykinin 1 receptor taken to be that obtained at 25 uM paclitaxel . Experiments 
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were done twice in triplicate . Results were subsequently examples , which are intended to be a way of illustrating but 
combined and fit to a non - linear regression program . The not limiting the present application . 
results from these studies summarized in Table 2 indicate S - ( 1 ) Pharmacokinetic Data in Mouse Model : 
that the S - ( 1 ) diastereoisomer has an ED50 potency that is 
equal to or greater than that determined for other tubulin 5 S - ( 1 ) was formulated in 7 % Ethanol : 3 % Cremophor EL : 
binding agents such as paclitaxel , docetaxel and Epothilone 90 % D5W ( 5 % Dextrose in water ) . The formulated drug was 

administered as a single IV bolus via tail vein injection . The 
details are set out below : 

TABLE 2 Animal Information : 
10 

Summary of Tubulin Polymerization Assays , Comparison 
of S - ( 1 ) to paclitaxel , docetaxel , and epothilone B . 

Wt . Compound ED50 , uM ED50 Compound / ED50 Paclitaxel Range Spe 
16 cies 

Total No . 
Required Source 

Food 
Returned Strain Sex ( g ) Fasted 15 S - ( 1 ) 

Paclitaxel 
Docetaxel 
Epothilone B 

1 . 58 0 . 46 
2 . 97 0 . 50 
3 . 18 = 0 . 45 
3 . 31 + 0 . 51 

0 . 53 
1 . 00 
1 . 07 
1 . 11 Mice CD - 1 Male 20 - 30 36 CRL No NA 

Group 
No . 

No . of Test 
Animals Article 

Dose 
Volume Conc . Dose 
( mL / kg ) ( mg / mL ) ( mg / kg ) Vehicle Route 

1 36 S - ( 1 ) 10 2 IV 
( Tail Vein ) 

7 % Ethanol : 
3 % Cremophor EL : 
90 % D5W 

20 

MTS Proliferation Assay ( Promega ) Sample Collection timing : Terminal blood ( plasma ) and 
Day 1 : Cells were plated in appropriate growth medium at 30 brain specimens were collected at 9 times post - dose , with 4 

5x103 per well in 100 ul in 96 well tissue culture plates , mice per sample time . Sample collection times : 
5 15 min . 2 . 8 . 24 . 32 . 48 . 72 and 96 hr post - dose ( 4 mice 

Falcon , one for each drug to be tested . Col 1 was blank ; it per sample time ) . 
contained no cells , just medium . The plates were incubated Blood collection : A terminal blood sample was collected 
overnight at 37° C . , 5 % CO2 to allow attachment . 35 from each mouse via cardiac puncture . The whole blood was 

Day 2 : Added 120 ul growth medium in wells of 96 - well collected on wet ice , spun down immediately ( at 4° C . ) , and 
“ dilution plates ” ( one for each drug ) and let sit in 370 C . plasma stored frozen at - 20° C . until analysis . The antico 

agulant used was K , EDTA . Brain Sample Collection : Whole incubator for about 1 hr . brains were removed by dissection . Brains were collected on 
Thawed DMSO drug stocks ( usually at 10 mM ) . Each 20 wet ice , weighed , and stored at - 20° C . 

drug was diluted 6 ul into a tube with 3 ml growth medium , 
to 20 uM . TABLE 3 

Aspirated medium from col 12 of a dilution plate ; added Mouse Plasma and Brain Levels of S - ( 1 ) after Single iv Dose 
200 - 300 ul of 20 uM drug to wells of col 12 . Made serial 
dilution down this 96 - well plate : for a 1 : 5 dilution pattern , 45 Brain Plasma 

moved 60 ul from col 12 to col 11 , mixed 4 - 5 times ( using Cmax ng / ml Cmax ng / ml 
8 place multi - pipettor ) , moved 60 ul to col 10 , etc . stopping 3726 . 6 1550 . 2 
at col 3 . AUC ( 0 - t ) ng - hr / ml AUC ( 0 - t ) ng - hr / ml 

64984 . 9 16870 . 2 
Moved 100 ul of medium + drug from dilution plate to a 50 AUC ( 0 - 0 ) ng - hr / ml AUC ( 0 - 0 ) ng - hr / ml 

cell plate , i . e . col 1 from drug plate ( blank = no cells ) to col 88742 . 9 16951 . 2 
MRT ( expo ) hr MRT ( expo ) hr 1 of cell plate , etc . up to col 12 . Col 2 contained cells with 42 . 5 17 . 6 

no drug . Col 3 had the lowest concentration of drug ( 0 . 005 CL ml / hr CL ml / hr 
nM ) and col 12 had the highest drug concentration ( 10 UM ) . 0 . 006 0 . 024 

Day 4 or 5 : Terminated the assay 48 to 72 hrs after drug 55 
addition . Thawed MTS reagent ; made up enough medium + The results indicate that S - ( 1 ) is not impeded by the 
MTS to cover all plates at 115 ul per well ( 100 ul medium + blood - brain barrier in the mouse model . See FIG . 2 . 
15 ul MTS ) . Aspirated medium + drugs from cell plate ; Antitumor Efficacy of S - ( 1 ) against Human U251 CNS 
replaced with medium + MTS mix and incubated 1 - 6 hrs ( 370 Tumor Cells Implanted in Mouse Brain : 

60 Additional studies were conducted in animal models to C . , 5 % CO2 ) , depending on cell type . determine the efficacy of S - ( 1 ) against brain tumors . In one When the color turned dark in control wells ( col 2 ) , and study , the anti - tumor activity of S - ( 1 ) was evaluated both 
was still light in col 12 , the absorbance at 490 nm was read when administered alone and in combination with temozo 
on a plate reader ; the results were used to calculate IC50 lomide , against intracerebrally ( ic ) implanted human U251 

The effects of the compound of formula S - ( 1 ) measured in 65 ( glioblastoma ) CNS tumor cells in male athymic nude mice . 
in vitro and xenograft animal models of various brain Tumor Model ; Each animal was implanted with one 
cancers were evaluated in the following experimental million U251 human CNS tumor cells from an in vitro cell 
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line by ic injection with a 25 gauge needle . The day of tumor temozolomide was tolerated without treatment - related 
implantation ( May 24 , 2006 ) was designated as day 0 . A deaths and with only a minimal loss ( 8 % , 2 g ) in mean body 
sufficient number of mice were implanted so that animals weight . 
with body weights in a range as narrow as possible were Administration of S - ( 1 ) given iv at a dosage of 20 
selected for the trial on the day of treatment initiation ( day 5 mg / kg / dose in combination with temozolomide given po at 
1 after tumor implantation ) . Animals were randomly a dosage of 80 mg / kg / dose resulted in an ILS of 575 % , with 
assigned to the treatment groups and individually identified the median day of death and the median survival time both 
by earmark codes . being 67 . 5 days . The maximum loss in mean body weight 

Drug Formulation : On each day of treatment , the appro loss observed in this treatment group was 22 % ( 5 g ) . The 
priate amount of S - ( 1 ) was formulated in 3 % cremophor " loss was recovered following cessation of treatment . One 
EL / 7 % ethanol / 90 % D5W at a concentration of 2 mg / mL . A death occurred on day 5 , two deaths occurred on day 9 , and 
portion of this solution was then diluted with the complete one death occurred on day 16 , possibly from toxicity of 
vehicle to achieve the lower dosing concentration of 1 . 2 S - ( 1 ) . The remaining six animals in the group did respond to 
mg / mL . Both concentrations of S - ( 1 ) were then kept at 37° 16 therapy with deaths occurring between days 64 and 90 . 
C . and injected within 30 minutes of formulation on the The group receiving treatment with S - ( 1 ) at a dosage of 12 
basis of exact body weight using a volume of 0 . 1 mL / 10 g mg / kg / dose in combination with temozolomide at 80 mg / kg / 
of body weight . Temozolomide ( Temodar , Schering Corpo dose responded more favorably than the group receiving the 
ration ) was prepared on each day of injection in Klucel + higher dosage of S - ( 1 ) . The median day of death was day 73 , 
tween 80 at a concentration of 4 mg / mL . Temozolomide was 70 with an ILS of 630 % , and the median survival time was 75 
administered within 5 minutes of formulation on the basis of sis of days with an ILS of 650 % . Results are shown in FIG . 3 . 
exact body weight using a volume of 0 . 2 mL / 10 g of body 
weight . TABLE 4 

Data Collection : Animal health surveillance was con Summary of U251 Orthotopic Intracranial Xenograft Study 
ducted and mortality data were collected daily . The animals 25 
were weighed twice weekly starting with the first day of 1 , 5 , 9 60 % ILS ( survivors day 100 = 0 ) 

Group 2 vs . 2 , P = 0 . 000 treatment . Group 2 
S - ( 1 ) 12 mg / kg , ip . QD1 , 5 , 9 45 % ILS ( survivors day 100 = 0 ) Study Duration : The study was terminated 100 days after Group 3 Group 1 vs . 3 P = 0 . 000 

tumor implantation . Any animal found moribund or whose TMZ 80 mg / kg , po . QD1 , 5 , 9 380 % ILS ( survivors day 100 = 1 ) 
body weight dropped below 14 g was euthanized prior to 30 Group 4 Group 2 vs 3 , P = 0 . 450 

TMZ 80 mg / kg , po . + 575 % ILS ( survivors day 100 = 1 study termination . S - ( 1 ) 20 mg / ip . QD1 , 5 , 9 Group 4 vs 5 , P = 0 . 683 
Parameters Evaluated : Number of 100 - day survivors , Group 5 

median day of death , and the increase in lifespan based on TMZ 80 mg / kg , po . + 650 % ILS ( survivors day 100 = 3 ) 
median day of death and expressed as a percentage ( % ILS ) , S - ( 1 ) 12 mg / kg ip . QD1 , 5 , 9 Group 4 vs . 6 , P = 0 . 046 
median survival time and the % ILS based on median 35 Group 5 vs . 6 , P = 0 . 108 

survival time . 
The vehicle - treated control group had a median day of Monotherapy with temozolomide produced an excellent 

death and a median survival time of 10 days . All animals effect against the U251 human CNS tumor cells , while S - ( 1 ) , 
died or were euthanized due to moribundity between days 9 administered alone , produced a moderate effect . 
and 11 . The maximum loss in mean body eight was 32 % ( 7 40 Combination treatment with S - ( 1 ) and temozolomide was 
g ) . Due to the dehydrating effect of treatment with S - ( 1 ) , quite effective at both dosages of S - ( 1 ) . The better response 
animals in groups 2 , 3 , 5 , and 6 that received treatment with was seen in the combination group receiving the lower S - ( 1 ) 
S - ( 1 ) at a dosage of 20 or 12 mg / kg / dose were given 5 % dosage , possibly because of toxicity of S - ( 1 ) at the dosage 
dextrose in lactated Ringer ' s solution to lessen the debili of 20 mg / kg / dose . 
tating effects of the treatment . 45 Toxicology . Central Nervous System ( CNS ) safety study 

Administration of the Ringer ' s solution was initiated in rate : 
when animal body weights dropped by greater than 10 % and The objective of this study was to evaluate the acute 
continued until the animal recovered , died , or was eutha - pharmacological effects of S - ( 1 ) on the central nervous 
nized . system following intravenous administration in the male 

Intravenous treatment with S - ( 1 ) , administered at dosages 50 albino rat . This study was conducted at Clin Trials BioRe 
of 20 and 12 mg / kg / dose on a q4dx3 schedule , resulted in a seach ( CTBR , Montreal , Quebec , Canada ) as a GLP study . 
60 % and 45 % ILS , respectively , whether the calculation was Results : All animals were observed twice daily for sign of 
based on day of death or survival time . The corresponding ill health or reaction to treatment , except on day of arrival 
median days of death and the median survival times were 16 and necropsy . A Function Observation Battery ( FOB ) 
and 14 . 5 days for the S - ( 1 ) dosages of 20 and 12 mg / kg / 55 assessment , along with grip strength , hind limb splay and 
dose , respectively . One death occurred on day 2 in the group body temperature measurements were performed for all 
receiving treatment with the dosage of 20 mg / kg / dose . This animals once pre - dose and at approximately 15 minutes , 1 
death may have been treatment - related or may have been a hour , 4 hours , 8 hours and 24 hours post - dose . After the last 
delayed effect of the anesthesia used at the time of the is observation , all animals were euthanized without further 
tumor implant . 60 examination . There were no deaths or treatment - related 

Treatment with temozolomide administered at a dosage of clinical signs . 
80 mg / kg / dose given po q4dx3 was quite effective against A single intravenous administration of S - ( 1 ) at 6 . 25 , 12 . 5 
the growth of the U251 CNS tumor cells with an ILS of or 25 mg / kg had no biological effect on central nervous 
380 % when calculated based on median day of death ( 48 system , when measured by qualitative assessment of the 
days ) and 400 % when calculated based on median survival 65 functional observational battery and quantitative assessment 
time ( 50 days ) . There was one survivor in this group at the of grip strength , hind limb splay , and body temperature at 
time of study termination on day 100 . Treatment with approximately 15 minutes , 1 , 4 , 8 and 24 hours post - dose . 
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TABLE 5 in both studies . Plasma samples were analyzed for S - ( 1 ) 
using a validated LC / MS - MS method . Two different formu 

Results of CNS Safety Study lations of S - ( 1 ) were administered in the two different Phase 
Group / Dose Dose Concen Dose No . of 1 studies : a 50 : 50 ( w / v ) formulation of Cremophor El - P / 
Identi Level tration Volume Animals 5 ethanol , administered in the S - ( 1 ) - 01 study , and a 15 : 85 
fication ( mg / kg ) ( mg / kg ) ( mL / kg ) Males ( w / v ) formulation of Cremophor El - P / ethanol , administered 
1 Control in the S - ( 1 ) - 02 study . 
2 S - ( 1 ) 6 . 25 2 . 08 Analysis of the PK data revealed that the plasma AUC of 
3 S - ( 1 ) 12 . 5 4 . 17 SS - ( 1 ) appeared to be relatively dose proportional , with a 4 S - ( 1 ) 25 8 . 33 10 moderate level of interpatient variability . Plasma t1 / 2 values 

ranged from 3 . 45 - 8 . 4 hours for the S - ( 1 ) - 01 study , and from 
Dose levels of 6 . 25 , 12 . 5 and 25 mg / kg had no biological 3 . 43 - 8 . 96 for the S - ( 1 ) - 02 study . Clearance did not appear to 

effects on the central nervous system of male Sprague be dose - dependent in either study . There did not appear to be 
Dawley rats following administration by intravenous injec - any difference in pharmacokinetic parameters , including 
tion . 15 Vs , for the two different formulations of S - ( 1 ) . 

The no adverse effect level for this study is 25 mg / kg . 
Clinical Studies of S - ( 1 ) TABLE 7 

Two Phase 1 trials examining the safety and pharmocoki - 
Plasma Pharmacokinetic Parameters for S - ( 1 ) netics of multiple ascending doses of single agent , intrave 

nous S - ( 1 ) , when administered in two different treatment 20 Dose AUC0 - 24 cl Vss 
schedules , are ongoing . Both trials have enrolled patients ( mg / m2 ) ( ng / ml * hr ) ( L / ha / m2 ) ( L / m2 ) ( hr ) 
with advanced solid tumors , non - Hodgkin ' s lymphoma or Study S - ( 1 ) - 01 ( 50 : 50 Cremophor EL - P / ethanol formulation ) Hodgkin ' s lymphoma that have recurred or progressed fol 
lowing at least standard therapy ; patients with malignancies 457 = 297 35 . 5 = 29 . 7 23 . 2 + 74 . 5 8 . 4 + 11 . 5 
for which there is no standard therapy ; patients who are not 25 682 + 322 43 . 5 + 14 . 5 309 + 161 3 . 45 + 1 . 09 
candidates for standard therapy ; or patients who have chosen 2070 = 888 28 . 6 + 13 . 2 216 + 705 . 66 + 3 . 63 

5970 + 3900 16 . 6 + 9 . 26 142 75 . 6 5 . 52 5 . 26 not to pursue standard therapy . In Study S - ( 1 ) - 01 , intrave 127 . 5 4460 = 2140 30 . 2 11 . 9 239 = 116 6 . 59 + 2 . 60 nous S - ( 1 ) is administered weekly for 3 consecutive weeks Study S - ( 1 ) - 02 ( 15 : 85 Cremophor EL - P / ethanol formulation ) 
followed by one week of no therapy ; 

treatment cycles are repeated every 28 days in patients 30 56 2530 + 847 18 . 9 + 9 . 53 232 + 93 . 6 8 . 96 + 7 . 09 
3710 15 . 4 300 who remain eligible for continued treatment . Study S - ( 1 ) - 01 126 6110 + 3030 22 . 1 + 11 . 2 166 1 105 6 . 27 + 3 . 64 

is currently being conducted in the United States . In Study 185 7260 + 2620 24 . 7 + 12 . 2 215 1 116 3 . 43 1 7 . 31 
S - ( 1 ) - 02 , intravenous S - ( 1 ) is administered every 3 weeks ; 
treatment cycles are repeated every 21 days in patients who 
remain eligible for continued treatment . Study S - ( 1 ) - 02 is 02 is 35 Summary of a Study of S - ( 1 ) : Administered Weekly in 
currently being conducted in the United States and in Israel . Patients with Advanced Cancer : 

In preclinical studies , S - ( 1 ) demonstrated antitumor activ 
ity against multiple human tumor xenografts in nude mice , TABLE 6 including xenografts that expressed mdr - 1 and that were 

Clinical Studies of S - ( 1 ) 40 resistant to other taxanes . The safety and tolerability of S - ( 1 ) 
when administered weekly for 60 minutes for 3 weeks 

Study No . Patients Enrolled followed by a 1 week rest ( 4 week cycle ) was examined in Phase Dose Group Protocol Regimen this Phase 1 dose escalation study in patients ( pts ) with 
S - ( 1 ) - 01 27 S - 1 ) i . v . in 50 % cremaphor , 50 % advanced neopolasms . 
Phase 1 7 mg / m “ : 4 pts ethanol formulation over 1 hour or less 45 Treatment cohorts consisted of 3 pts and were expanded 

14 mg / m² : 4 pts weekly x 3 followed by 1 week of no to 6 pts in the face of does - limiting toxicity ( DLT ) ; pts could 28 mg / m² : 4 pts therapy ( 28 - day treatment cycle ) 
56 mg / m² : 4 pts remain on study until the development of progressive dis 

127 . 5 mg / m² : 7 pts ease or an intolerable adverse event . DLT was defined as Gr 
185 mg / m² : 4 pts 4 heme toxicity lasting 7 days ; febrile neutropenia , Gr 3 

S - ( 1 ) - 02 20 S - ( 1 ) i . v . in a 15 % cremphor , 85 % 50 thrombocytopenia with bleeding , Gr 3 elevation of transami Phase 1 56 mg / m² : 2 pts ethanol formulation over 1 hour or less 
84 mg / m² : 1 pt every 3 weeks ( 21 - day treatment cycle ) nases lasting 7 days or any other Gr 3 / 4 toxicity other than 

126 mg / m² : 3 pts nausea or vomiting . Results : 25 pts ( M : F 16 : 9 , median age 
185 mg / m² : 6 pts 60 , range 24 - 86 ) were enrolled in 7 dose levels ranging from 160 mg / m² : 8 pts 7 - 185 mg / m² . Pts ' cancers included colorectal ( 6 pts ) ; 

55 NSCLC ( 2 ) ; prostate ( 2 ) ; squamous cell carcinoma ( 2 ) and 
Clinical Safety - Adverse Events : 1 pt each with cervical , breast , ovarian , gastric , pancreatic , 

Dose Limiting Toxicity : Does limiting toxicity has been bladder endometrial , NSCLC , SCLC , glioblastoma , mela 
observed in one patient in Study S - ( 1 ) - 01 who received 185 noma , renal cell and hepatocellular carcinoma . All pts but 1 
mg / m ? of S - ( 1 ) . The dose limiting toxicity was Grade 3 had received prior chemotherapy ( median no . prior treat 
sensory neuropathy . Dose limiting toxicity has been 60 ments : 3 ( range , 1 - 7 ) . Drug related adverse events included 
observed in 2 patients in Study S - ( 1 ) - 02 at a dose of 185 nausea , vomiting , diarrhea , fatigue , anorexia , rash , anemia 
mg / m² . In both patients , the dose limiting toxicity was and peripheral neuropathy . DLT of Grade 3 peripheral 
Grade 3 sensor neuropathy . neuropathy has been observed . PK data to date reveal that 
Clinical Pharmacokinetics : AUC is generally dose linear . Ata dose of 127 . 5 mg / m² , 

Pharmacokinetic data for the Phase 1 studies S - ( 1 ) - 01 and 65 clearance was 30 . 2 + 11 . 9 L / hr / m² and tm 8 . 6 + 1 . 3 hrs . Anti 
S - ( 1 ) - 02 are summarized in Table 7 . Plasma pharmacoki - neoplastic activity was seen in a patient with pancreatic 
netics of S - ( 1 ) were assessed following the first dose of S - ( 1 ) cancer . 
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In conclusion , S - ( 1 ) can be safely administered in doses Efficacy of Orally Dosed S - ( 1 ) in Mouse Neuroblastoma 

of up to 185 mg / m2 weeklyx3 in heavily pre - treated patients . Xenografts : 
It is predicted that in chemo - naïve patients , or patients with Summary of Experimental Protocol : Human neuroblas 
more limited exposure to chemotherapy , that the dose could toma tumor cells were implanted via subcutaneous injection 
be escalated even further . S - ( 1 ) has activity in pancreatic 5 of 1 - 10x10° cells in nude mice . Tumors were allowed to 
cancer . PK is dose linear and predictable . grow to 200 mg + / - 50 mg in size . Drug dosing was initiated , 

and tumor volume and body weight were recorded twice Summary of a Phase 1 Study of S - ( 1 ) : Administered Every weekly . 
21 Days in Patients with Advanced Cancer : Data Analysis : 

In preclinical studies , S - ( 1 ) suppressed the growth of 10 The mean value for % body weight change and % tumor 
multiple human tumor xenografts in nude mice , including volume increase for each experimental group was plotted 
xenografts that expressed mdr - 1 and that were resistant to including error bars for the standard error of the mean . 
other taxanes . The safety and tolerability of S - ( 1 ) when Other metrics for assessing antitumor effects include : % 
administered every 21 days was examined in this Phase 1 T / C values as calculated by the following formula : 
dose escalation study in patients ( pts ) with advanced neo - 15 
plasms . 

% Mean Tumor Volume of Treated Group S - ( 1 ) was administered over 1 hour every 21 days in % Mean Tumor Volume of Control Group ascending doses to groups of 3 pts . Treatment cohorts were 
expanded to 6 pts in the face of dose - limiting toxicity ( DLT ) ; 
pts could remain on study until the development of progres - 21 
sive disease or an intolerable adverse event . Log Kill = ( 1 - C ) / 3 . 32x ( Td ) 
DLT was defined as Or 4 heme toxicity lasting 7 days ; T is the time in days for the median tumor volume to reach 

febrile neutropenia , Gr 3 thrombocytopenia with bleeding , 1 gram in treated group 
Gr 3 elevation of transaminases lasting 7 days or any other 25 C is the time in days for the median tumor volume to reach 
Gr 3 / 4 toxicity other than nausea or vomiting . 1 gram in control group 

Results : 14 patients ( M : F 5 : 9 , median age 58 . 5 , range Td is the tumor doubling time in days 
49 - 77 ) were enrolled in 5 does levels ranging from 56 - 185 Cures are excluded from T - C calculations 
mg / m² . Patients ' cancers included colorectal ( 5 Pts ) , esopha - Results are shown in FIGS . 4 to 9 . 
geal ( 2 ) , pancreatic ( 2 ) , NSCLC ( 2 ) , breast ( 2 ) and ovarian 30 S - ( 1 ) Rat Oral Bioavailability : 
( 1 ) . All patients had received prior chemotherapy ( median IV formulation ( Cremophor El P / alcohol ) and a suspen 
no . prior treatments ; 3 ( range , 2 - 10 ) ) . Drug related adverse sion of the compound of Formula S - ( 1 ) in aqueous medium : 
events include mucositis , vomiting , diarrhea , neutropenia , Several studies were performed to investigate specific 
thrombocytopenia , myalgias and peripheral neuropathy . parameters . It was found that there is a gender difference but 
Only 1 pt . experienced Gr 4 neutropenia . DLT of Gr 3 35 it does not influence bioavailability ( F ) overall , the formu 
peripheral sensory neuropathy was observed at a dose of 185 lation dilution does not impact F , there is saturation of the 
mg / m² . At a dose of 160 mg / m² no DLT was observed . 1 pt absorption that seems formulation dependent , and the data is 
with pancreatic cancer had a confirmed response to S - ( 1 ) . reproducible between experiments . Further , there is no sig 
PK data reveal that AUC is generally dose linear . At a dose nificant difference in F with different formulations . 
of 126 mg / m² , clearance was 24 . 7 + 12 . 2 L / hr / m2 and t , was 40 From the solubility and compatibility studies between the 
10 . 6 + 7 . 1 hrs . It was determined that S - ( 1 ) can be safely compound of Formula S - ( 1 ) and excipients that could be 
administered in a dose of 160 mg / m2 every 21 days in used , a reasonable list of formulations were evaluated in 
heavily pre - treated patients . It is predicted that in chemo - vivo : 
naive patients , that the dose could be escalated even further . 
The dose limiting toxicity was Gr 3 peripheral neuropathy . 45 TABLE 9 
S - ( 1 ) appears to have activity in pancreatic cancer . PK is AUCin Dose dose linear and predictable . ( hr * kg * 
Oral Dosing of the Compound of Formula S - ( 1 ) : ( hr * ng / ml ) ng / mL / mg ) 

The compound of Formula S - ( 1 ) when dosed either oral so Cremophor : EtOH 50 : 50 / dil . 1 : 9 2220 426 
or iv shows efficacy in mouse xenografs . From these efficacy Tween 80 : EtOH : Labrafil : Labrasol 5740 427 

25 : 25 : 35 : 35 / dil . 1 : 1 studies and MTD studies , the “ apparent oral bioavailability " Solutol : EtOH 60 : 40 / dil . 1 : 1 6590 503 
of the compound of Formula S - ( 1 ) in nude mice would be in Vit E - TPGS : Cre : EtOH : D5W 1450 266 
the 70 to 80 % range . 50 : 17 : 17 : 16 / dil . 1 : 3 

Solutol : Cre : EtOH : D5W 2370 
55 50 : 17 : 17 : 16 / dil . 1 : 3 TABLE 8 Lutrol : Cre : EtOH : D5W 2380 436 

40 : 20 : 20 : 20 / dil . 1 : 3 
The compound of Formula S - ( 1 ) Injection Mouse PK Parameters Oleic Acid : Cre : Captex : Capmul : D5W 555 

8 : 25 : 33 : 17 : 17 / dil . 1 : 3 IV 10 / mg / kg S - ( 1 ) - Oral 10 mg / kg Solutol : EtOH : Labrafil : labrasol 
60 50 : 10 : 25 : 15 / dil . 1 : 1 Cmax ( NM ) na Cmax ( nM ) 460 Gelucire : Labrafil : PEG300 tmax ( hr ) tmax ( hr ) 6 . 0 60 : 20 : 20 / dil . 1 : 1 t1 / 2 ( hr ) t1 / 2 ( hr ) 

AUClass ( nM hr ) 6298 AUClas : ( nM · hr ) 3434 
AUCin8nM · hr ) 7738 AUCinnM · hr ) 3609 Using the 50 : 50 CremophorEthanol formulation as a case CL ( L / hr / kg ) 1 . 49F % ) 
Vdss ( L / kg ) 13 . 35 65 study ( AUCiasti 2540 ; norm AUCinti 477 ) , F was calculated 

from the ratio of the normalized PO and IV AUCs : F 
( % ) = norm . AUC PO / norm . AUC IV . 

AUC last 

431 

2610 

na 
6 . 1 5 . 1 

47 
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TABLE 10 2 . The method of claim 1 , wherein the compound of 
Formula ( 1 ) is a compound of Formula S - ( 1 ) 

AUC last AUCing Dose Calculated 
( hr * ng / ml ) ( hr * kg * ng / mL / mg ) F ( % ) S - ( 1 ) 5 

14600 2040 ~ 23 % Cremophor : EtoH 
50 : 50 / dil . 1 : 9 dosed IV 
Cremophor : EtoH 
15 : 85 / dil . 1 : 9 dosed IV 

4470 970 - 49 % 
10 Aco OIIIII 

IIIII 
?? 

Ac 

35 
OH OH 

o CNH 0 Results : It was determined that the “ calculated F ” under 
estimates the real bioavailability as there is an effective F 15 
close to 60 - 70 % ( using a cremophor - free formulation as OPh ?AC 
reference ) . 

In conclusion , it was found that Cremophor is not 
absorbed through the gut as the compound of Formula S - ( 1 ) 20 3 . The method of claim 1 , wherein the compound of 

Formula ( 1 ) is a compound of Formula R - ( 1 ) 
delivered orally from a CremophorEtOH formulation is 
cremophor free in systemic circulation . In addition , in vitro 

R - ( 1 ) studies show that a fraction of the S - ( 1 ) isomer is also 25 
degraded over time in Simulated Gastric Fluid into a known 
compound that is not orally biovailable . A limiting factor is 
that there is degradation of S - ( 1 ) over time in acidic media 
( GF ) , 3 to 4 % per hour that limits the overall bioavailability . 30 
Overall , it was found that S - ( 1 ) Injection ( Cremophor + O NH Ethanol ) is an effective oral formulation for the compound 
of Formula S - ( 1 ) . H = 

OCOPh OAC Accordingly , the invention comprises a polyethoxylated 
castor oil formulation comprising the compound of Formula 
S - ( 1 ) . Preferably , the polyethoxylated castor oil formulation 
comprises about 50 % ethanol and about 50 % polyethoxy 4 . The method of claim 1 , wherein the brain cancer is 

40 glioblastoma . 
lated castor oil or about 85 % ethanol and about 15 % 5 . The method of claim 1 , wherein the pharmaceutical 
polyethoxylated castor oil . composition comprising a compound of Formula ( 1 ) is 

administered intravenously . 
The invention claimed is : 6 . The method of claim 1 , wherein the pharmaceutical 

45 composition comprising a compound of Formula ( 1 ) is 
1 . A method of treating brain cancer in a mammal , the administered repeatedly . 

method comprising administering to the mammal a pharma - 7 . The method of claim 6 , wherein two successive admin 
ceutical composition comprising a compound of Formula istrations of the pharmaceutical composition comprising a 

compound of Formula ( 1 ) are separated by about seven days . ( 1 ) , and a liquid vehicle 50 8 . The method of claim 6 , wherein two successive admin 
istrations of the pharmaceutical composition comprising a 
compound of Formula ( 1 ) are separated by about twenty - one 
days . 

9 . The method of claim 1 , wherein the pharmaceutical 
55 composition is administered at a compound of Formula ( 1 ) 

dose of between 7 mg / m2 and 500 mg / m² , between 7 mg / m² 
and 240 mg / m² , or between 7 mg / m² and 185 mg / m² . 

10 . The method of claim 1 , wherein the pharmaceutical 
composition is administered at a compound of Formula ( 1 ) 

60 dose of at least 30 mg / m² , at least 50 mg / m² , at least 80 NHO mg / m² , at least 100 mg / m² , or at least 150 mg / m² . 
11 . The method of claim 1 , wherein the pharmaceutical 

composition is administered at a compound of Formula ( 1 ) 
????h OAc dose of about 7 mg / m . 

OH 12 . The method of claim 1 , wherein the pharmaceutical 
composition is administered at a compound of Formula ( 1 ) 
dose of about 14 mg / m² . 

Aco 

LIIIIII 
III 

65 
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13 . The method of claim 1 , wherein the pharmaceutical 23 . The method of claim 1 , wherein the pharmaceutical 

composition is administered at a compound of Formula ( 1 ) composition is administered at a compound of Formula ( 1 ) 
dose of about 28 mg / m . dose less than 250 mg / m2 . 

14 . The method of claim 1 , wherein the pharmaceutical 24 . The method of claim 1 , wherein the pharmaceutical 
composition is administered at a compound of Formula ( 1 ) 5 composition is administered at a compound of Formula ( 1 ) 
dose of about 56 mg / m² . dose greater than 160 mg / m² and less than 250 mg / m² . 15 . The method of claim 1 , wherein the pharmaceutical 25 . The method of claim 1 , wherein the pharmaceutical composition is administered at a compound of Formula ( 1 ) composition is administered at a compound of Formula ( 1 ) dose of about 84 mg / m² . 

16 . The method of claim 1 , wherein the pharmaceutical 10 dose greater than 185 mg / m² and less than 250 mg / m² . 10 26 . The method of claim 1 , further comprising adminis composition is administered at a compound of Formula ( 1 ) 
dose of about 85 mg / m² . tering to the mammal an additional pharmaceutical compo 

17 . The method of claim 1 , wherein the pharmaceutical sition comprising a chemotherapeutic agent or a monoclonal 
antibody . composition is administered at a compound of Formula ( 1 ) 

dose of about 126 mg / m² . 27 . The method of claim 26 , wherein the additional 15 
18 . The method of claim 1 , wherein the pharmaceutical pharmaceutical composition is administered on the day of , 

or within 3 days of administration of the pharmaceutical composition is administered at a compound of Formula ( 1 ) 
dose of about 127 . 5 mg / m . composition comprising a compound of Formula ( 1 ) . 

19 . The method of claim 1 , wherein the pharmaceutical 28 . The method of claim 26 , wherein the chemotherapeu 
composition is administered at a compound of Formula ( 1 ) 20 " tic agent is temozolomide . 

29 . The method of claim 26 , wherein the monoclonal dose of about 160 mg / m² . 
20 . The method of claim 1 , wherein the pharmaceutical antibody is bevacizumab . 

composition is administered at a compound of Formula ( 1 ) 30 . The method of claim 1 , wherein the compound of 
Formula ( 1 ) has a concentration between 0 . 1 mg / ml and 15 dose greater than 160 mg / m² . 

21 . The method of claim 1 , wherein the pharmaceutical 25 mg / ml in the pharmaceutical composition . 
composition is administered at a compound of Formula ( 1 ) 31 . The method of claim 1 , wherein the liquid vehicle 
dose of about 185 mg / m² . comprises ethanol . 

22 . The method of claim 1 , wherein the pharmaceutical 32 . The method of claim 1 , wherein the liquid vehicle 
composition is administered at a compound of Formula ( 1 ) comprises polyethoxylated castor oil . 
dose greater than 185 mg / m2 . 


